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General methods and materials
Unless otherwise noted, chemicals were purchased from abcr, Acros Organics, Alfa Aesar,

Fisher Scientific, Merck, Sigma Aldrich, TCl and VWR and were used as provided without further
purifications. Dry solvents (CH.Cl,, DMF, MeOH, ACN, EtOH, THF, toluene) were used as
commercially available.
5’-Aminolinker-modified DNA oligonucleotides coupled to controlled pore glass solid support
(CPG, 1000 A porosity) were synthesized by IBA (Géttingen, Germany). Oligonucleotide-small
molecule conjugates coupled to CPG were filtered and washed through synthesis columns using
a vacuum manifold (Vac-Man®) from Promega.
Semi-preparative ion pair RP-HPLC. Compound purification was performed on a Shimadzu
Prominence HPLC System equipped with a Cig stationary phase (Phenomenex, Gemini, 5 um,
Cis, 110 A, 100 x 4.6 mm). A gradient from 100 mM aqueous triethylammonium acetate (pH =
8.0, eluent A) to MeOH (eluent B) was used at a flow rate of 5 mL/min. Fractions containing the
desired product were pooled and concentrated.
Method: Step gradient of 20 % to 70 % B within 13 min, then 70 % to 100 % B within 1
min followed by 100 % B for 3 min using 100 mM aqueous triethylammonium acetate (pH
= 8.0, eluent A) and MeOH (eluent B) at a flow rate of 5 mL/min.
Analytical RP-HPLC. HPLC analysis was performed on an Agilent 1100 series chromatograph
equipped with 1100 Quaternary Pump (G1311A), a 1100 Multi-Wavelength Detector (G1365B)
and an Agilent Eclipse Plus Cis (4.6 x 100 mm, 3.5 um) column. The conversion and purity of
DNA conjugates were determined by integration of peaks recorded at 254 hm wavelength.
Method-I: Step gradient of 10 % to 60 % B within 10 min, then 60 % to 100 % B within 2
min followed by 100 % B for 2 min using 10 mM aqueous triethylammonium acetate (pH
= 8.0, eluent A) and MeOH (eluent B) at a flow rate of 0.6 mL/min.
Method-II: Step gradient of 10 % to 70 % B within 10 min, then 70 % to 100 % B within 2
min followed by 100 % B for 2 min using 10 mM aqueous triethylammonium acetate (pH
= 8.0, eluent A) and MeOH (eluent B) at a flow rate of 0.6 mL/min.
Method-IIl: A linear gradient of 10 % to 100 % B within 10 min followed by 100 % B for 4
min using 10 mM aqueous triethylammoinum acetate (pH 8.0, eluent A) and MeOH
(eluent B) at a flow rate of 0.6 mL/min.
MALDI-TOF. Mass analysis was performed on a MALDI TOF/TOF MS from Bruker Daltonics
using 2’,4’,6’-trihydroxyacetophenone (THAP) matrix (Dichrom).
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Representative procedures

DMT-deprotection and capping of solid support-coupled hexT (RP_01)

The DMT-protecting group of 5-amino linker modified hexT-DNA strand coupled to 1000 A
controlled pore glass (CPG) solid support (1 pumol, ca. 36 mg) was cleaved by addition of 3%
trichloroacetic acid in CH»Cl, (3x 200 pL) for 1 min (yellow to orange color indicated successful
removal of protecting group). The CPG was washed with DMF (3x 200 pL), MeOH (3x 200 pL),
ACN (3x 200 pL) and CHxCl> (3x 200 pL). Deprotected CPG-coupled oligonucleotide was
treated with 200 pL of capping solution (1:1 mixture of THF/methylimidazole (9:1, vol:vol) and
THF/pyridine/acetic acid anhydride (8:1:1, vol/vol)) for 1 min. Finally, the CPG was washed three
times with each 200 pL of DMF, MeOH, ACN and CH:Cl; and dried in vacuo for 15 min. Capping
was repeated three times.

To assess completion of deprotection and capping, a small portion of CPG (0.7 mg) was treated
with 500 pL of an AMA solution (AMA = aqueous ammonia (30%)/ aqueous methylamine (40%),
1:1, vol/vol) for 30 min at room temperature. Afterwards 20 pL if 1 M Tris buffer (pH = 7.5) were
added, the mixture was dried under reduced pressure (SpeedVac) and dissolved in 100 pL of
distilled water. The product was analyzed by Analytical RP-HPLC and MALDI-TOF-MS.

DMT-deprotection of solid support-coupled 10mer DNA strands (RP_02)

The DMT-protecting group of DNA strand coupled to 1000 A controlled pore glass (CPG) solid
support (1 pmol, ~40 mg of 10mer DNA (TC-, ATC-, ATCG-Sequences)) was cleaved by
addition of 3% trichloroacetic acid in CH2Cl, (3x 200 uL) for 1 min (yellow to orange color
indicated successful removal of protecting group). The CPG was washed three times with each
200 pL of DMF, MeOH, ACN and CH:Cl; and dried in vacuo for 15 min.

Treatment of solid support-coupled DNA with metal salts (RP_03)

20 nmol of CPG-coupled oligonucleotide (ca. 0.7 mg solid phase) were treated with 200 equiv. of
metal salt (4 umol) dissolved in 50 pL dry solvent. The suspension was shaken at ambient
temperature for 22 h. Afterwards the solvent was removed by filtration, and the CPG was
washed three times with each 200 uL of 0.1 M EDTA solution, 0.1 M MgCl. solution, water,
DMF, MeOH, ACN and CH.Cl, and dried in vacuo.

Cleavage and analysis: DNA was deprotected and cleaved from CPG by shaking with 500 pL of

an AMA solution (AMA = aqueous ammonia (30%)/ aqueous methylamine (40%), 1:1, vol/vol)
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for 4 h (30 min for hexT-Ac) at room temperature. Afterwards, 20 uL of 1 M Tris buffer (pH = 7.5)
were added, the mixture was dried under reduced pressure (SpeedVac) and the DNA was
dissolved in 200 pL distilled water. The product was analyzed by Analytical RP-HPLC and
MALDI-TOF-MS.

Treatment of solid support-coupled DNA with organocatalysts (RP_04)

20 nmol of CPG-coupled oligonucleotide (ca. 0.7 mg of solid phase) were treated with 200 equiv.
of organocatalyst (4 pmol) dissolved in 50 pL dry solvent. The suspension was shaken at
ambient temperature for 22 h. Afterwards, the solvent was removed by filtration, the CPG was
washed three times with each 0.1 M MgCl; solution, water, DMF, MeOH, ACN and CH.Cl; and
dried in vacuo.

Cleavage and analysis: DNA was deprotected and cleaved from CPG by shaking in 500 pL of an

AMA solution (AMA = aqueous ammonia (30%)/ aqueous methylamine (40%), 1:1, vol/vol) for 4
h (30 min for hexT-Ac) at room temperature. Afterwards 20 uL of 1 M Tris buffer (pH = 7.5) were
added, the mixture was dried under reduced pressure (SpeedVac) and DNA was dissolved in
200 L distilled water. The product was analyzed by Analytical RP-HPLC and MALDI-TOF-MS.

Treatment of solid support-coupled DNA with acids (RP_05)

20 nmol of CPG-coupled oligonucleotide (ca. 0.7 mg of solid phase) were treated with 50 pL
acid. The suspension was shaken at ambient temperature for 22 h. Afterwards solution was
removed by filtration, and the CPG was washed three times with each 200 uL of 0.1 M MgCl;
solution, water, DMF, MeOH, ACN and CH,Cl; and dried in vacuo.

Cleavage and analysis: DNA was deprotected and cleaved from CPG by shaking in 500 pL of an

AMA solution (AMA = aqueous ammonia (30%)/ aqueous methylamine (40%), 1:1, vol/vol) for 4
h (30 min for hexT-Ac) at room temperature. Afterwards 20 pL if 1 M Tris buffer (pH = 7.5) were
added, the mixture was dried under reduced pressure (SpeedVac) and dissolved in 200 pL of
distilled water. The product was analyzed by Analytical RP-HPLC and MALDI-TOF-MS.

S5



Amide coupling (RP-06)

@ /\/\/O\MGH\DMT ; DMTOcIeavage @ M/O\%HTR
R OH °
Step 1: The DMT-protecting group of CPG-coupled oligonucleotide (250 nmol, ca. 10 mg of
solid phase material) was removed by addition of 200 pL 3 % trichloroacetic acid in CH2Cl, for 1
min. Orange coloring of the solution indicated successful removal of protecting group. The
deprotection was repeated 3-5 times until no further coloring of the solution was observed. The
CPG-coupled deprotected DNA was washed three times with each 200 pL of 1 % TEA in ACN,
DMF, MeOH, ACN and CHClI; and dried in vacuo.
Step 2:
CPG-coupled oligonucleotide, carboxylic acid and HATU were dried in vacuo for 15 min. Stock
solutions of all reactants in dry DMF were prepared before the reaction was started. To the
solution of carboxylic acid (25 pmol, 100 equiv.) in 75 pL dry DMF, HATU (25 pmol, 100 equiv.)
dissolved in 75 pL dry DMF and DIPEA (62.5 pmol, 250 equiv.) were added. The mixture was
shaken for 5 min and added to CPG-coupled DNA suspended in 75 pyL dry DMF (250 nmol, 1
equiv.). The amide coupling reaction was shaken at ambient temperature for 2 hours. Next, the
CPG-coupled conjugate was filtered over a filter column, washed three times with each 200 pL
of DMF, MeOH, ACN and CHzCl; and dried in vacuo. Amide coupling was repeated two times.
Completion of amide coupling was controlled by cleaving off a small portion of CPG-coupled
oligonucleotide conjugate (0.7-0.9 mg, ~20 nmol) with 500 uL AMA (AMA = aqueous ammonia
(30 %)/ aqueous methylamine (40 %), 1:1, vol/vol) for 30 min (hexT) or 4 h (ATGC-sequences)
at ambient temperature. Afterwards 20 yL of 1 M Tris buffer (pH = 7.5) were added, the mixture
was dried under reduced pressure (SpeedVac) and DNA was dissolved in 200 L distilled water.
The crude reaction mixture was analyzed by analytical RP-HPLC and MALDI-MS. In case of
uncompleted coupling (<90%) the reaction was repeated a third time.
Unreacted amines were capped with acetic acid anhydride (three times 200 uL, 30 s, 1:1 mixture
of THF/methylimidazole, 9:1, vol/vol, and THF/pyridine/acetic acid anhydride 8:1:1, vol/vol). The
capped CPG-coupled oligonucleotide conjugate was washed three times with each 200 uL of
DMF, MeOH, ACN and CH.CI, and dried in vacuo.
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aza-Diels-Alder reaction with Danishefsky's diene on CPG-coupled oligonucleotide-
aldehyde conjugates (RP-07)

)
0 2 N Y "
_0 12

hexT =11 hexT =14
10mer ATGC =15 10mer ATGC = 16a-r I}

Prior to reaction, CPG-coupled oligonucleotide, solid amines and ZnCl, were dried in vacuo for
15 min. Amine 14 (10 pmol, 500 equiv.) was dissolved in 24 pL acetonitrile. The solution was
added to CPG-coupled oligonucleotide-aldehyde conjugate 13 (20 nmol) suspended in 12 pL
triethyl orthoformate. The suspension was shaken at ambient temperature for 4 h. Afterwards 30
pL of ZnCl, (2 ymol, 100 equiv.) in ACN followed by Danisheskys’s diene 15 (20 umol, 1000
equiv.) was added. The reaction mixture was shaken for 1 h at ambient temperature. Then the
CPG-coupled oligonucleotide conjugate was filtered over a filter column, washed three times
with each 200 pL of 0.1 M EDTA solution, 0.1 M MgCl; solution, water, DMF, MeOH, ACN and
CHCI; and dried in vacuo. CPG-coupled oligonucleotide conjugates 16-19 (16 = hexT, 18 =
10mer ATGC) were cleaved from solid support and deprotected with 200 UL agueous ammonia
(30 %) at 50 °C for 6 h. Afterwards 20 pL of 1 M Tris buffer (pH = 7.5) were added, the mixture
was dried under reduced pressure (SpeedVac) and DNA was dissolved in 200 uL distilled water.
The crude reaction mixture was analyzed by analytical RP-HPLC (Method 1) and MALDI-TOF-
MS. The product was purified by preparative RP-HPLC.

aza-Diels-Alder reaction with Danishefsky's diene on CPG-coupled oligonucleotide-aniline

conjugates (RP-08)

“ |

N * R) 10mer ATGC

10mer ATGC NH, 18 19a-q
17

Prior to reaction, CPG-coupled oligonucleotide, solid aldehydes and ZnCl, were dried in vacuo
for 15 min. Aldehyde 14 (30 umol, 1500 equiv.) was dissolved in 24 uL tetrahydrofuran. The
solution was added to CPG-coupled oligonucleotide-aniline conjugate 13 (20 nmol) suspended
in 12 uL triethyl orthoformate. The suspension was shaken at ambient temperature for 4 h.
Afterwards 30 pL of ZnCl; (2 umol, 100 equiv.) in tetrahydrofuran followed by Danishefsky’s
diene 15 (20 umol, 1000 equiv.) were added. The reaction mixture was shaken at ambient
temperature for 1 h. Then the CPG-coupled oligonucleotide conjugate was filtered over a filter
column, washed three times with each 200 pL of 0.1 M EDTA solution, 0.1 M MgCl; solution,
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water, DMF, MeOH, ACN and CH:Cl> and dried in vacuo. CPG-coupled oligonucleotide
conjugates 16 and 19 (16 = hexT, 19 = 10mer ATGC) were cleaved from solid support and
deprotected with 200 pL aqueous ammonia (30 %) at 50 °C for 6 h. Afterwards, 20 pL of 1 M
Tris buffer (pH = 7.5) were added, the mixture was dried under reduced pressure (SpeedVac)
and DNA was dissolved in 200 pL distilled water. The crude reaction mixture was analyzed by
analytical RP-HPLC (Method I) and MALDI-TOF-MS. The product was purified by preparative
RP-HPLC.

(R)-(-)-BNDHP-mediated Povarov reaction on CPG-coupled oligonucleotides (RP-09)

—BocC R
W%H)K/O

NH, 20

hexT =11 hexT = 22
10mer ATGC = 15a-c 10mer ATGC = 23a-w

Prior to use, CPG-coupled oligonucleotide, solid anilines and (R)-(-)-BNDHP were dried in vacuo
for 15 min. Aniline 12 (10 pmol, 500 equiv.) was dissolved in 24 yL ethanol. The solution was
added to CPG-coupled oligonucleotide-aldehyde conjugate 15 (20 nmol) suspended in 12 pL
triethyl orthoformate. The suspension was shaken at ambient temperature for 4 h. Afterwards 30
pL of (R)-(-)-BNDHP (2 umol, 100 equiv.) in ethanol followed by N-Boc-2,3-dihydro-1H-pyrrole
20 (10 pmol, 500 equiv.) were added. The reaction mixture was shaken at 50 °C for 16 h. Then
the CPG-coupled oligonucleotide conjugate was filtered over a filter column, washed three times
with each DMF, MeOH, ACN and CH2Cl; and dried in vacuo. Boc-protecting group was removed
by addition of 200 pyL 75 % trifluoroacetic acid in CH.ClI, for 30 sec.. Afterwards CPG-coupled
DNA was washed with excess of 1 % TEA and CH.Cl.. The deprotection was repeated 4 times.
The solid phase was washed three times with each 200 pL of 1 % TEA in ACN, DMF, MeOH,
ACN and CHCIl; and dried in vacuo. CPG-coupled oligonucleotide conjugates 22-23 were
cleaved from solid support and deprotected with 500 pL AMA (AMA = aqueous ammonia (30 %)/
aqueous methylamine (40 %), 1:1, vol/vol) for 30 min (hexT 22) or 4 h (ATGC-sequences 23) at
ambient temperature. Afterwards 20 yL of 1 M Tris buffer (pH = 7.5) were added, the mixture
was dried under reduced pressure (SpeedVac) and DNA was dissolved in 200 uL distilled water.
The crude reaction mixture was analyzed by analytical RP-HPLC (Method 1) and MALDI-TOF-
MS. The product was purified by preparative RP-HPLC.
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(R)-(-)-BNDHP-mediated Biginelli reaction on CPG-coupled oligonucleotides (RP-10)

o O (0]
R!
fo) ) MO/\ WN)K/O !
R o 25 H
© N (0]
@ \ \ vxﬂN)K/ . )L ,RZ ) p Y
H HoN N hexT = 26
0 24 H 10mer ATGC = 27af  Oxp N
hexT =11
10mer ATGC = 15a-c \/O

Prior to reaction, CPG-coupled oligonucleotide, ureas and (R)-(-)-BNDHP were dried in vacuo
for 15 min. Urea 24 (10 umol, 500 equiv.) and (R)-(-)-BNDHP (1 umol, 50 equiv.) were dissolved
both in 30 pL ethanol. The solutions were added to CPG-coupled oligonucleotide-aldehyde
conjugate 15 (20 nmol) followed by ethyl acetoacetate 25 (10 umol, 500 equiv.). The reaction
mixture was shaken at 50 °C for 20 h. Then the CPG-coupled oligonucleotide conjugate was
filtered over a filter column, washed three times with each DMF, MeOH, ACN and CHCl, and
dried in vacuo. CPG-coupled oligonucleotide conjugates 26-27 were cleaved from solid support
and deprotected with 500 uL AMA (AMA = aqueous ammonia (30 %)/ aqueous methylamine (40
%), 1:1, vol/vol) for 30 min (hexT 26) or 4 h (ATGC-sequences 27) at ambient temperature.
Afterwards 20 pL of 1 M Tris buffer (pH = 7.5) were added, the mixture was dried under reduced
pressure (SpeedVac) and DNA was dissolved in 200 pL distilled water. The crude reaction
mixture was analyzed by analytical RP-HPLC (Method 1) and MALDI-TOF-MS. The product was
purified by preparative RP-HPLC.
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Investigation in the stability of solid phase coupled oligonucleotides charged with metal
ions and organocatalysts

Table S1 — Stability of DNA against metal salts®

Entry Metal salt Solvent hexT-Ac TC ATC

1 2% TFA

2 10% TFA [ [ ]
3 3.7% HCI [ [ ]
4 AgOAC CH.Cl. | D .
5 AgOTf ACN _ [I N -
6 AgSbFe ACN _ [I N -
7 BiBrs AN [I N .
8 Bi(OT):s MeoH [ N .
9 Ce(NHa)2(NO3)s MeOH | ]
10 Co(acac)s ACN _ [I N -
11° Cucl MeoH [N R .
12 Cu(MeCN)4PFe ACN |

13 Cu(OT)> ACN _ [F N .
14 Fe(acac)s ACN _ [I -
15 FeCl2 4 H20 ACN [N N -
16 InCls ACN _ [H .

17° La(Oi-P1)s THE [ N .
18 LiBr ACN __ [I N .
19 Mg(CIO4)2 MeOH  [H N
20 Ni(acac)z ACN | Y a—
21 Ni(PPhs)>Cl» MeOH I
20P Pd(dba)s MeOH e

23a Pd(OAC): ACN I
23b° Pd(OAc). ACN

24¢ Pd(PPh3)s4 MeOH

25° [Rh(cod)Cl]2 MeOH

26 RuCls ACN e

27 [Ru(p-cymene)Cl2]2 CH:Cl> _

28 Ru(Me-allyl)2(COD) CHCl. [

29 Grubbs 15 Gen. CHCl2 |

30 ShCly ACN [N N .
31 Sc(OTf)s ACN [ R .
32 SeO: MeoH [N BN .
33 Ti(Oi-Pr)a MeoH [N N .
34 VO(acac) MeoH [ I .
35 Yb(OTf)s MeoH [ N .
36 zZnCl> ACN ]

a for each: 20 nmol DNA, 200 eq. transition metal salt, 50 pL solvent, r.t., 22 h. ® poor solubility, added as suspension.
¢ 5 equiv. of metal salt were used.. ACN = acetonitrile, MeOH = methanol, THF = tetrahydrofuran.

020% | 21-40% | 41-60% | >61% | DN degradation
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A = 1454 026
2000
1500
1000 1863 942
500 1808 826 26408.551
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T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1000 1500 2000 2500 3000 3500 o
B 5-TTACTACCTA-3-@
MW: 2962.0
ﬂ[w*
single depurination
" _a AMA
STCTACCTAS | . [T TTrib(OH)CTACCTA-3-@
MW: 2120.4 B-elimination AMA 5-TTACTrib(OH)-3" AMA 5-TTACT-3"
5-TTACTrib(OH)CCTA-3-@) | ————|° ' 1135 1 P SR | SHTTACTS
5.TTACTACCT-3' AMA B-climination — 8-climination —
W, 2648, ~<—————| 5-TTACTACCT rib(OH)-3-@
: - §-elimination MW: 2844.9
ﬂ 5'-TTACTrib(NHR)-NH »-3"
double depurination MW: 1661.2
5'-TTrib(OH)CTrib(OH)CCTA-3-@
5'-CTACCT-3' AMA , ,
W 1s072 | oo o | 5-TTrib(OH)CTACCTrib(OH)-3@
p- &3 AMA 5'-CCTrib(OH)-3'
climination | 5.TTACTrib(OH)CCTrib(OH)-3@ | — MW: 1096.7
MW: 2727.8 B-elimination

triple depurination

5'-TTrib(OH)CTrib(OH)CCTrib(OH)-3'@)
MW: 2606.8

Figure S1 Representative mass spectrometric analysis of degraded DNA. A: MALDI-TOF

spectrum for 10mer ATC-oligonucleotide 9 after treatment with aqueous 3.7% HCI. B: Possible

depurination and fragmentation products of 10mer ATC-oligonucleotide 9.
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Colouring of the Pd(PPhs)s solution indicated
redox processes which are plausible as all
experiments were performed without protective
gas.

Pd(PPhs)s, 22 h

CPG-coupled DNA suspended in a
solution of x equiv. Pd(OAc), for O h at
ambient temperature.

5 equiv. 50 equiv. 100 equiv. 200 equiv.

CPG-coupled DNA suspended in a
solution of x equiv. Pd(OAc), for 22 h
at ambient temperature.

5 equiv. 50 equiv. 100 equiv. 200 equiv.

CPG-coupled DNA after incubation
with a solution of x equiv. Pd(TFA),, for
22 h at ambient temperature and
multiple washing steps. Slight coloring
of CPG treated with higher amounts of
Pd(OAc): is observable.

5 equiv. 50 equiv. 100 equiv. 200 equiv.
Figure S2 Photos of CPG-coupled DNA-oligonucleotides treated with Pd(O) and Pd(ll).
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HPLC traces and MALDI-MS spectra of metal ion screens

CPG-oligonucleotide + 2% TFA

According to the representative procedure (RP-05) solid support coupled oligonucleotide
(20 nmol) was treated with 2% TFA.

CPG-oligonucleotide

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\HEXT-T2.D)
mAU &
1 N
140 P\I‘
120 \‘
hexT-Ac 100 H
80
AcNH-(CH,)e- o \|
S-TTTTTT-3 " 1 | |
; 2 I3
204 © R
04 . . o~ e AN e~ I
1 T T T T T T T T T T T T T T T T T
0 2 4 5 8 10 12 min)
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\TC-T2.D)
mAU ] E’
4 ~—
1 (o“u
400 \
10mer TC 3007 H
200
5.TTC CTC TCC T-3’ ; | |
100 © ‘m
] 8 ‘ <
0 i - . P -, SIS -
0 y T Ty g g 10 1 min
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\ATC-T2.D)
mAU ] =g
1 0o
120 m’i&iﬂ
1 \
] N
100 |‘ 1
10mer ATC
5-TTA CTA CCT A-3’ 3
o0
w f
A H‘
T T T
8 10 12 min
mAU 1 &
&)
| w
175 |
1504 ”
10mer ATGC 125 ‘
100 ‘|
5-GTC ATG ATC T-3’ 75 o
50 g
] ['e}
25 ol ©
D—E U e - o
0 ‘2 )1 ‘ tl: é ‘ 1‘0 ‘ 1‘2 min|
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- mass found = 1985.5
5-TTTTTT-3
I WS | T —
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2905.4
)J*LLLA_L I Uh.% .

10mer ATC e 2o mass calc. = 2962.0
5_TTA CTA CCT A-3’ mass found = 2961.6
10mer ATGC n mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3018.2
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CPG-oligonucleotide + 10 % TFA
According to the representative procedure (RP-05) solid support coupled oligonucleotide
(20 nmol) was treated with 10 % TFA.

CPG-oligonucleotide Analytical RP-HPLC-trace
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\HEXT-T10.D)

mAU <
175% S“l‘
150 |

hexT-Ac 125 ‘
0 |
ACNH-(CHz)ﬁ- 1
5-TTTTTT-3

75 ‘ ‘
50
25 W3
I I

6.814
17

0 2 4 6 8 10 12 min|

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\TC-T10.D)
mAU ]
300 ]
250 M

10mer TC

200 ‘
5_TTC CTC TCC T-3’ 1503 |
1003

] ~
50 b 3 8
=

0 - — —

0 2 4

mAU o

10mer ATC

5-TTA CTA CCT A-3’

1‘0 ‘ 1‘2 min|
10mer ATGC
5-GTC ATG ATC T-3’ 100
50 §
Oé . i -
0 ‘2 ‘L é I é 1‘0 1‘2 min|
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CPG-oligonucleotide MALDI-MS spectra

xiof 1085 642

Intens. fa.u]

hexT-Ac
mass calc. = 1985.4

AcNH-(CH,)6- mass found = 1985.6

5-TTTTTT-3
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5_TTC CTC TCC T-3’ mass found =2905.2

T T T T T
1000 1500 2000 2500 3000 3500

2 1454.020
2600
2000

10mer ATC = mass calc. = 2962.0
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l {

L
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3 e
~ 2000
o
-

10mer ATGC “= T mass calc. = 3019.0

5.GTC ATG ATC T-3’ - mass found = 3018.3
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CPG-oligonucleotide + 3.7% HCI

According to the representative procedure (RP-05) solid support coupled oligonucleotide
(20 nmol) was treated with 3.7% HCI.

CPG-oligonucleotide

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\HEXT-H10.D)
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + AQOAc

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with AQOAc (200 equiv., 4 pmol) in dry CH2Cl..

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

Analytical RP-HPLC-trace
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
AcNH-(CH>)e- mass found = 1986.4
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5.GTC ATG ATC T-3’ mass found = 3018.2
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CPG-oligonucleotide + AgOTf

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with AQOTf (200 equiv., 4 pmol) in dry ACN.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

Analytical RP-HPLC-trace
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
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CPG-oligonucleotide + AgSbFs

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with AgSbFs (200 equiv., 4 umol) in dry ACN.

CPG-oligonucleotide

Analytical RP-HPLC-trace
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CPG-oligonucleotide MALDI-MS spectra
hexT-Ac
mass calc. = 1985.4
AcNH-(CH>)e- mass found = 1986.4
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CPG-oligonucleotide + BiBr3

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with BiBrs (200 equiv., 4 pmol) in dry ACN.

CPG-oligonucleotide Analytical RP-HPLC-trace
MWD1 B, Sig=254,18 Ref=360,100 (VARCO'\SULEB_~1\HEXT\HEXT10-4.D)
mAU 4 S
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + Bi(OTf)s

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Bi(OTf)3 (200 equiv., 4 pmol) in dry MeOH.

CPG-oligonucleotide Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULES_~1\HEXT11-1.D)
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~
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mAU{
500—%
400—2
300—?

200

1 o 7
] o (o
100 N U
b ©f
g A AN A\
] S SN

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULES_~1\06-FLO~1\CATALY~2\ATCG11-1.D)
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CPG-oligonucleotide MALDI-MS spectra

104

hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- mass found = 1985.3
5-TTTTTT-3
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10mer ATGC mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3019.4
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CPG-oligonucleotide + Ce(NH4)2(NO3)s
According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Ce(NH4)2(NOs)s (200 equiv., 4 pmol) in dry MeOH.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

Analytical RP-HPLC-trace
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + Co(acac)s

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Co(acac)sz (200 equiv., 4 pmol) in dry ACN.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + CuCl

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with CuCl (200 equiv., 4 pmol) in dry MeOH.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

Analytical RP-HPLC-trace
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + Cu(MeCN)4PFs

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Cu(MeCN)4PFs (200 equiv., 4 pmol) in dry ACN.
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + Cu(OTf)
According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with Cu(OTf)2 (200 equiv., 4 umol) in dry ACN.

Analytical RP-HPLC-trace
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + Fe(acac)s

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Fe(acac)s (200 equiv., 4 pmol) in dry ACN.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
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CPG-oligonucleotide MALDI-MS spectra

5
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CPG-oligonucleotide + FeCl; - 4 H,O

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with FeCl; - 4 H.O (200 equiv., 4 umol) in dry ACN.
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ALDI-MS spectra

CPG-oligonucleotide M
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CPG-oligonucleotide + InCls
According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with InCls (200 equiv., 4 pmol) in dry ACN.

CPG-oligonucleotide

Analytical RP-HPLC-trace
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CPG-oligonucleotide MALDI-MS spectra
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ACNH-(CH>)s- mass found = 1985.3
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CPG-oligonucleotide + La(OiPr)s

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with La(OiPr)z (200 equiv., 4 umol) in dry THF.

CPG-oligonucleotide
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
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CPG-oligonucleotide + LiBr

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with LiBr (200 equiv., 4 pmol) in dry ACN.

CPG-oligonucleotide
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + Mg(ClOa4)2
According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Mg(ClOa4)2 (200 equiv., 4 pmol) in dry MeOH.
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + Ni(acac):

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with Ni(acac). (200 equiv., 4 umol) in dry ACN.
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + Ni(PPhz)2Cl:

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Ni(PPhs).Cl> (200 equiv., 4 pmol) in dry MeOH.
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + Pd(dba)s
According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Pd(dba)s (200 equiv., 4 pmol) in dry MeOH.
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + Pd(OAc):
According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Pd(OAc). (200 equiv., 4 pmol) in dry ACN.

CPG-oligonucleotide Analytical RP-HPLC-trace
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + Pd(OAc):

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Pd(OAc) (5 equiv., 0.1 pmol) in dry ACN.

CPG-oligonucleotide Analytical RP-HPLC-trace
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + Pd(PPhs3)4

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Pd(PPhs)s (5 equiv., 0.1 pmol) in dry MeOH.
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CPG-oligonucleotide MALDI-MS spectra
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ACNH-(CHz)e-
5-TTT TTT-3’
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CPG-oligonucleotide + [Rh(

cod)Cl]2

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with [R

CPG-oligonucleotide
mAU
80—:

hexT-Ac Gof

ACNH-(CH)s- o]
5-TTT TTT-3 !

204

0

h(cod)Cl]» (200 equiv., 4 pmol) in dry MeOH.

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULEG_~1\06-FLO~1\CATALY~1\HEXT\HEXT_9-4.D)

o
=|
~||
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0 2 4 6 8 10
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10mer TC

40

5_-TTC CTC TCC T-3’ 7

20]
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i
©

mAU
120
100

10mer ATC 80

5_TTA CTA CCT A-3’ ]
40
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It}
o,

(6]
o

S63




CPG-oligonucleotide MALDI-MS spectra
hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- mass found = 1986.3
5-TTTTTT-3
o [ o LJJMM-M :
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ " mass found =2903.6
J_n..u. W Nk u M
10mer ATC mass calc. = 2962.0
5_TTA CTA CCT A-3’ mass found = 2961.3
o s
10mer ATGC szne mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3018.2
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CPG-oligonucleotide + RuCls

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with RuCls (200 equiv., 4 pmol) in dry ACN.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

mAUi
200
175
150
125
1004
75
50
25
05

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULE6_~1\HEXT\HEXT_9-3.D)
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o
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200
1503
100

50
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120—5
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40—2

20

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\EW10.D)
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CPG-oligonucleotide

M

ALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
AcNH-(CH>)e- mass found = 1986.1
5-TTTTTT-3
Lol o \-M."m
10mer TC e mass calc. = 2904.9
5.TTC CTC TCC T-3' mass found =2906.2
1 [ e
10mer ATC mass calc. = 2962.0
5_TTA CTA CCT A-3’ mass found = 2963.6
10mer ATGC mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3021.6
2 W — .[ ul v lziﬁf. " I.:I.il l““ o
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CPG-oligonucleotide + [Ru(p-cymene)Cly].

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with [Ru(p-cymene)Cl.]z (200 equiv., 4 umol) in dry CH2Cl..

CPG-oligonucleotide Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULES_~1\HEXT\HEXT 15-4 D)
mAU £q
1 <
140 ’““
h 120 |‘
exT-Ac 100 ] ‘\
ACNH-(CHz)e- 60 |‘
5-TTT TTT-3’ ] \
40 2 |
] [} >» ™
20 8 < |8
] © i\ J "*\L
0 . _ ey e - —_
0 > T 6 G 10 12 min
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1 =
50 23
1 © Jaq
0 — _ P NN i
0 2 ‘ 4 5 3 ‘ 10 12 min
MWD1 B, Sig=254, 16 Ref=360,100 (MARCO\SULEB_~1\06-FLO~1\CATALY~2\ATC_15-4.D)
mAU ] =
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600 H
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1 \
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E 3 \%
100 S g i
] _ DU, i O |
0 ‘2 )1 é E‘l ‘\‘O 1‘2 min|
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mAU ] 3
600 )
| <
500 “
10mer ATGC 400 H
1 o
300 ‘ =
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] |
1 |
1 & “ |‘ il
100 ] 31
o ; " ;'m/jJ + \I - I‘\ NN
1 . y\ad B N o i
0 ‘ ‘ J. : é ‘ 1‘0 1‘2 min|
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CPG-oligonucleotide MALDI-MS spectra
hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- mass found = 1986.0
5-TTTTTT-3
k‘ﬂ}ﬂ J‘ L'«.'\\A_
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2904.7
\
N l " LJn. el " ..LMJU'M
10mer ATC mass calc. = 2962.0
5_TTA CTA CCT A-3’ mass found = 2962.5
| Jj. .I..Lm - M M.Jh.u.“
10mer ATGC mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3019.2
j,w Ty LL..,J L L-L LNJLL
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CPG-oligonucleotide + Ru(Me-allyl)(cod)

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with Ru(Me-allyl)>(cod) (200 equiv., 4 pmol) in dry CH2Cls.

CPG-oligonucleotide

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULE6_~1\HEXT\HEXT15-5.D)

mAU 7 =
4 I-D_‘
i P~
] |
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4 © N \ DN
o] I : S G ST 2 . _
o 3 - 6 8 10 12 min
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120 @|
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] ~
20 ~ E
1 ey
04 _ et e ~ —
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E m‘
160 3 |
140 H
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0] |
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40 @ |
E 2N .
20 © N i
3 A e N\
0] - e S - — _ .
o oy T r s T T4 R 12 min
MWD B, Sig=254,16 Ref=360.100 (MARCO\SULE6_~1\06-FLO~1\CATALY~2ATCG15-5.D)
mAU ] S
1 =~
80 “"‘|
60 ‘
10mer ATGC ] “
40 ‘
5-GTC ATG ATC T-3’ ] 43‘
1 w8
20| 8%
1 of|
] S e
0 — B T B B e S
0 2 4 - 8 10 12 min
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CPG-oligonucleotide MALDI-MS spectra

104

Intans. fa.u

hexT-Ac

mass calc. = 1985.4

AcNH-(CH>)e- mass found = 1985.1
5-TTT TTT-3

1783705 “‘J ﬁ |
A P A " s
200 1200 1600 1800 2000 22

10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2904.9
: LTl 0 YO WU ‘Mum’“‘?‘ S ——

10mer ATC mass calc. = 2962.0

5_TTA CTA CCT A-3’ mass found = 2962.0

1832.173 ‘

] il
10mer ATGC mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3019.0
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CPG-oligonucleotide + Grubbs 1% Gen.

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Grubbs 1% Gen. (200 equiv., 4 umol) in dry CH2Cl,.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULE6_~1\HEXT\HEXT18-2.D)
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800{
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400—:
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
AcNH-(CH2)e- mass found = 1986.0
5-TTTTTT-3
. o\ Al | l,',w ‘MM -
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2904.7
N LT Il 1 LJ A P JUMM«_
10mer ATC mass calc. = 2962.0
5_TTA CTA CCT A-3’ mass found = 2962.2
:ll“{ Ak TL.MJL A mjlﬁLJ
10mer ATGC " mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3019.7
j7L IJ okl 1. ‘Ld Iy Tu \ jnh Ju
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CPG-oligonucleotide + SbCls;

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with SbCls (200 equiv., 4 pmol) in dry ACN.

CPG-oligonucleotide Analytical RP-HPLC-trace
MWD B, Sig=254,15 Ref=360,100 (MARCO\SULES_~1\HEXT\HEXT_8-4.D)
mAU gl
120 :l‘
] \
100 ‘
hexT-Ac ] ‘
L |
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0o T T 12 i
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] G @
200 ! E“l
1 Mk
0 e
R T T 12 i
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0 LS e——— - - -——
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
AcNH-(CH,)6- mass found = 1986.4
5-TTTTTT-3
. A 4 | T ‘JJJ\’JJ$M
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ 0 mass found =2905.0
T
10mer ATC mass calc. = 2962.0
5_TTA CTA CCT A-3’ mass found = 2962.0
WNA&ML&W M&u
10mer ATGC N mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3018.5
o i : ; . . wwiukie|
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CPG-oligonucleotide + Sc(OTf)3

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Sc(OTf)3 (200 equiv., 4 pmol) in dry ACN.

CPG-oligonucleotide

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULE6_~1\HEXT\HEXT_S-1.D)

mAU ] ©
1 of
2
20| H
hexT-Ac ] |
60 4 |
ACNH-(CHz)ﬁ- 20 “
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20 3
o™
] 8 &5
5 o oL OB D
0 2 4 6 8 ‘ 10 12 " min
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50 o, 8
E Ve e . ]
0 T 12 " rin
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B @ © fol
E « ™ J\
D : IV — P ——— )\ — —
0 y T Ty T T 12 " min
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1 w’|
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250 H
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] ©b
] N o
. - SO i N .
0 ‘2 ‘L ‘ é ‘ é 1‘0 1‘2 min|
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CPG-oligonucleotide MALDI-MS spectra
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10mer ATC
mass calc. = 2962.0
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5_.GTC ATG ATC T-3’ mass found = 3018.6
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CPG-oligonucleotide + SeO-

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with SeO; (200 equiv., 4 pumol) in dry MeOH.

CPG-oligonucleotide Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULE6_~1\HEXT\HEXT_S-2.D)
mAU 7 ©

140—5 ‘

E |

hexT-Ac 12 ] \‘

100—: ‘
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5-TTTTTT-3 *03 2 |

40 o ML
1 21
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q o
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MWD1 B, Sig=254,18 Ref=360,100 (MVARCO\SULE6_~1\06-FLO~1\ATC_9-2.D)
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(DH

200
10mer ATC 1804
5.TTA CTA CCT A-3’ 1%

50

0 —
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MWD1 B. Sig=254,16 Ref=360,100 (MARCO\SULEG_~1\06-FLO~1\ATCG_9-2.D)
mAU E =t
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1 [(s]
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504 o~
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25 ©
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- mass found = 1986.3
5-TTTTTT-3
T Y.L N
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2904.7
ek [ S R .}.___JLJJIMMM._ e
10mer ATC mass calc. = 2962.0
5_TTA CTA CCT A-3’ mass found = 2963.0
10mer ATGC mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3019.3
o " " M il I " Jud uLL JMJM.“_
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CPG-oligonucleotide + Ti(Oi-Pr)a

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with Ti(Oi-Pr)4 (200 equiv., 4 pmol) in dry MeOH.

CPG-oligonucleotide Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULE6_~1\HEXT\HEXT_8-2.D)
@D
=
ﬁw

mAU
200;

175% |

hexT-Ac 150 ‘\“
1257; |

AcNH-(CH>)e- 190‘2 \
5-TTT TTT-3 75 |

504

_ 6.895

25
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T T T T T T T T T T T
0 2 4 6 8
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400 3
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300 H
10mer TC 250

200 ‘
5-TTCCTCTCCT-%¥ 1503 ‘
1004 - ‘ ‘

50

bE -
-

0 2 4 [3 8

MWD1 B, Sig=254,18 Ref=360,100 (MARCO\ATC_8-2.D)

mAU 4 ©
1 |

600 J‘
] |
1 |

500 |

10mer ATC 200 ‘ ‘

300

5-TTA CTA CCT A-3’

200*: ;I\

04 S

100 112 ]
] "‘,u \ r\ﬁ “ “.‘
| Lo - ~ N\ —— — S

0 2 4 6 8

mAU ]
120
100% H
10mer ATGC &0 ‘|
5-GTCATGATCT3 | -

20
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- ) mass found = 1986.6
5-TTTTTT-3
- ‘~ k |
ot W,
10mer TC | mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2906.5
U S O WO S Y | W
10mer ATC mass calc. = 2962.0
5_TTA CTA CCT A-3’ mass found = 2962.8
N TV 1[ JI. e L. Atk L m A.JML
10mer ATGC mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3018.8
T IM
it [N N L
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CPG-oligonucleotide + VO(acac):

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with VO(acac). (200 equiv., 4 pmol) in dry MeOH.

CPG-oligonucleotide Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULE6_~1\HEXT\HEXT_8-3.D)
mAU o
o«
] l\"‘
1404 |
120
hexT-Ac ] |‘
100 \
80
AcNH-(CH>)e- o |
5-TTTTTT-3’ ] s |
40 5
] O

20

0 1 _— I /\Nxf"r“\f"‘ h\:w\ —

0 2 4 6 8
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0 2 4 [3 8
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1 <
140 S
120 “
100 |

10mer ATGC ]

80 “
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40 © ﬁ

] 2 |

20 ) 5|
0 57}/ SN— o S
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- mass found = 1986.6
5-TTTTTT-3
| T 1 "JJ“;"
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2905.0
|
10mer ATC mass calc. = 2962.0
5_TTA CTA CCT A-3’ mass found = 2962.3
:711 ik .I 1 TX ek .L A AJ“"‘M‘A._
10mer ATGC . mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3018.6
| M\{M .
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CPG-oligonucleotide + Yb(OTf)s
According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Yb(OTf)s (200 equiv., 4 pmol) in dry MeOH.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

mAU 7]
120
100—?
aoé
eoé
40—2

20—?

0]

Analytical RP-HPLC-trace
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mAU
600
500—3
400 ]
300—5
200;
100 ]

0

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\EW13.D)
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400—?
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- mass found = 1986.3
5-TTTTTT-3
o M
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2905.0
|
10mer ATC mass calc. = 2962.0
5_TTA CTA CCT A-3’ mass found = 2963.0
N IR VPRI VR W JKILL ‘
10mer ATGC mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3019.7
I S T oo ﬁ - .,.J_ﬂ‘f\{u.'m ‘
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CPG-oligonucleotide + ZnCl,

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with ZnCl, (200 equiv., 4 umol) in dry ACN.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULE6_~1\HEXT\HEXT_8-5.D)

mAU ]
100

80|
60
a0
20

0]

5.275
8- 841
494 ——

0

10mer TC

5-TTCCTCTCCT-3

mAU 3
600

500—2
4003
300—2
200
100

0

0

2

L N S
4 5 8

min|

10mer ATC

5-TTA CTA CCT A-3’

mAU ]
140—2
120—2
moé

30%

eo—f
40%

20

0

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULE6_~1\06-FLO~1\ATC_8-5.D)

~
Bl

o«
ml‘

0

T
2

10mer ATGC

5-GTC ATG ATC T-3

mAU ]
200
150
100

50

min|

S85




CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- ] mass found = 1985.8
5-TTTTTT-3
o \ ’\.‘L . uj.!mw‘ ‘
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2904.8
‘ |
S S 0 O N N W S
10mer ATC mass calc. = 2962.0
5_TTA CTA CCT A-3’ mass found = 2962.0
o M_JL_JIL_LJL — MMM._ ‘
10mer ATGC mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3018.6
i - RN W M
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TableS2 — Stability of DNA against metal salts at 40 °C?
‘ Entry Metal salt Solvent ATC ‘ ATCG

Cu(OTH). ACN
InCls ACN
Se0> MeOH ]
Yb(OTf)s MeoH [N
5 Sc(OTf)s ACN |

a for each: 20 nmol DNA, 200 eq. transition metal salt, 50 pL solvent (HPLC-grade), 40 °C., 22 h. ACN = acetonitrile,
MeOH = methanol.

AIWIN|F

Table S3 — Stability of DNA against metal salts dissolved in benchtop solvents?
Solvent ATC ‘ ATCG ‘

Metal salt

AgOTf
2 BiBr3 ACN
3 InCls ACN
4 LiBr ACN ]
5 Ni(acac)z ACN [
6 Yb(OThs MeoH I

a for each: 20 nmol DNA, 200 eq. transition metal salt, 50 pL solvent (HPLC-grade), r.t., 22 h. ACN = acetonitrile,
MeOH = methanol.

0-20% | 2140% | 41-60% | >61% | D'\Adegradation
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HPLC traces and MALDI-MS spectra of metal ion screens

CPG-oligonucleotide + Cu(OTf)
According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Yb(OTf)s (200 equiv., 4 pmol) in dry ACN at 40 °C.

CPG-oligonucleotide Analytical RP-HPLC-trace
MWD B, Sig=254,16 Ref=360,100 (MARCO\SULES_~1W08-FLO~-1\ATC_17-4.0)
mAlU 7] E‘\]”
200- “
10mer ATC 150
5-TTA CTA CCT A-3’ 100
BE
] o
0 P oen
0 2 4 6 B 10 12 e
MWD B, Sig=254,16 Ref=360,100 (FLORIANATCG1-1F.D)
malU 2 .-":
300—': 2
250
10mer ATGC 200
150
5-GTC ATG ATC T-3’ 100
50 EE
1 Ih
o] A b
0 é 4 é SI, 10 1|2 mmI
CPG-oligonucleotide MALDI-MS spectra
|
10mer ATC ' mass calc. = 2962.0
5_TTA CTA CCT A-3’ mass found = 2963.2
ki

2200

10mer ATGC mass calc. = 3019.0

5.GTC ATG ATC T-3’ mass found = 3019.5

|
e . s
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CPG-oligonucleotide + InCl3

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with InCls (200 equiv., 4 umol) in dry ACN at 40 °C.

CPG-oligonucleotide

10mer ATC

5-TTA CTA CCT A-3’

Analytical RP-HPLC-trace

MWD1 B, Sig=254,168 Ref=360,100 (MARCOWTC_B-4.D)
mAL 4

.
Ly
>3
w

300 -
600

400

6695

200~

. 6.438

N,

0 I [ -

T T T
0 2 4 [ 8

|
min

10mer ATGC

5-GTC ATG ATC T-3

MWD1 B, S5ig=254,16 Ref=360,100 (MARCOWTCG_6-3.0)
mAl ]

o

L]

] xd

1200 <
1000 -
80D -
600
400 -]

200

6.233
6,523

@ |-

|
Imin

CPG-oligonucleotide MALDI-MS spectra

10mer ATC

5-TTA CTA CCT A-3’

2081679

|

"

[kt

O ——
3000 3800

Mol HLL A,,LWL

000 1800 2000 2500

mass calc. = 2962.0
mass found = 2963.7

10mer ATGC

5-GTC ATG ATC T-3

0 N I8 |

o — = -
1000 1500 2000 2500 2000 3500

mass calc. = 3019.0
mass found = 3019.1
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CPG-oligonucleotide + SeO-
According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with SeO, (200 equiv., 4 pmol) in dry MeOH at 40 °C.

CPG-oligonucleotide Analytical RP-HPLC-trace

MWD1 B, Sig=254,168 Ref=360,100 (MARCO\5-4_ATC.D)
mal ]

300

6.740

250

10mer ATC 200
5°-TTA CTA CCT A-3’ i
100

50 -3

" B.637
“B.8BT

T T T T |
0 2 4 [ 8 10 12 mirg

MWD1 B, S5ig=254,16 Ref=360,100 (MARCO\S-4_ATCG.D)
mAl

300

6.545

250

10mer ATGC 200-
5-GTC ATG ATCT-3’ :
100

50

. 6.464
“5.693

]
0 2 4 [i] i} 10 12 min

CPG-oligonucleotide MALDI-MS spectra

2081811

L0

10mer ATC mass calc. = 2962.0

5 _TTA CTA CCT A-3’ mass found = 2963.8

1000
1483161 i
| ‘|||
i | Aot 1N
o
0o 190 2000 260 300 3500 .

218015

......
1510631

10mer ATGC mass calc. = 3019.0

5.GTC ATG ATC T-3’ mass found = 3019.0

S90



CPG-oligonucleotide + Yb(OTf)s

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Yb(OTf)s (200 equiv., 4 pmol) in dry MeOH at 40 °C.

CPG-oligonucleotide Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCOW-3_ATC.D)
maLl Z

300

250 -

10mer ATC

2uu—f
5-TTACTACCT A-3* '™
100 4

50

o e

L=
=
P
o

- 6.626
6918

o 2 4 (]

|
min

MWD1 B, S5ig=254,16 Ref=360,100 (MARCOW-3_ATCG.D)
mAl =

10mer ATGC

5-GTC ATG ATC T-3

150
100
50
[:l_. L™

6423

6.528

BE6S

0 2 4 [i]

|
Imin

10mer ATC

5-TTA CTA CCT A-3’

. sz
l I
o etk A b oA

000 1800 2000 2500 3000

mass calc. = 2962.0
mass found = 2963.5

CPG-oligonucleotide MALDI-MS spectra

10748

10mer ATGC

5-GTC ATG ATC T-3

o ot - -
1000 1500 2000 2500

mass calc. = 3019.0
mass found = 3019.7
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CPG-oligonucleotide + Sc(OTf)s

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Sc(OTf)s (200 equiv., 4 pmol) in dry ACN at 40 °C.

CPG-oligonucleotide

10mer ATC

5-TTA CTA CCT A-3’

mAL -
300 —

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (FLORIANVATC2-1FL.O)

=]
~
-
w

250

200 -

150

100
50

0

6622
“pe82

T T
0 2 4 [ 8

|
min

10mer ATGC

5-GTC ATG ATC T-3

mAl =
8[)—_:

MWD1 B, S5ig=254,16 Ref=360,100 (FLORIANATCGZ-1F D)

5.973

0=

B0
50
an—‘;
30—

6,610

&.70F

|
Imin

10mer ATC

5-TTA CTA CCT A-3’

mass calc. = 2962.0
mass found = 2963.2

CPG-oligonucleotide MALDI-MS spectra

10mer ATGC

5-GTC ATG ATC T-3

1500

mass calc. = 3019.0
mass found = 3019.3
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CPG-oligonucleotide + AgOTf
According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with AQOTf (200 equiv., 4 pmol) in HPLC-grade ACN.

CPG-oligonucleotide

10mer ATC

5-TTA CTA CCT A-3’

maAL

300 -
250 -
200 -
1502
100
50

0

MWD1 B, Sig=254,

Analytical RP-HPLC-trace

16 Ref=360,100 (MARCO\SCREEN~T\ATC10-2W.0)
(=]
2|
@

w0

6.410

B34

0

2 4 G [:]

1
min|

10mer ATGC

5-GTC ATG ATC T-3

mal I

500 -
400 -

300

MWD B, Sig=254,16 Ref=360,100 (MARCOVTCGT0ZW, D)

6.469

0

2 4 G il

||
Ll |

10mer ATC

5-TTA CTA CCT A-3’

......

2000

mass calc. = 2962.0
mass found = 2963.0

CPG-oligonucleotide MALDI-MS spectra

10mer ATGC

5-GTC ATG ATC T-3

b

mass calc. = 3019.0
mass found = 3018.8
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CPG-oligonucleotide + BiBrs
According to the representative pro

cedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with BiBrs (200 equiv., 4 pmol) in HPLC-grade ACN.

CPG-oligonucleotide

MWD1 B, Sig=254,1

maL =

400 =

350 -

3002
10mer ATC 2803
200 -
150
100

5-TTA CTA CCT A-3’

50
03

+1.896

Analytical RP-HPLC-trace

6 Ref=380,100 (MARCOWTC10-4W.Dn

5.601

6.363
6770

0 2 4 i 8 10 12

mal 2

300
250
10mer ATGC :
ZUD—:
5-GTC ATG ATCT-3’ ™0

10[)—:'

5[)—;

0

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWTCG104W D)

6312
6666

0 2 4

m_
B
2
S

|
i

CPG-oligonucleotide MALDI-MS spectra

10mer ATC

5-TTA CTA CCT A-3’

-

mass calc. = 2962.0

mass found = 2962.7

el . lv\-,-.a'j‘-i.u

000 1800 2000 2500 3000 3800

10mer ATGC

5-GTC ATG ATC T-3’

mass calc. = 3019.0

mass found = 3018.5
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CPG-oligonucleotide + InCl3

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with InCls (200 equiv., 4 pmol) in HPLC-grade ACN.

CPG-oligonucleotide Analytical RP-HPLC-trace

MWD1 B, Sig=254,168 Ref=360,100 (MARCOWTC_B-2.D)
mAL _:

=
Py
u
o

500 -

10mer ATC 40
300

5-TTA CTA CCT A-3’

200

6.428
6.865

100

od . s _— .

T T T T
0 2 4 [ 8 10 12

|
min

MWD1 B, S5ig=254,16 Ref=360,100 (MARCOWTCG_6-2.0)

mal D

] o

| w
‘IUUU—_
800

10mer ATGC 1

600

5-GTC ATG ATC T-3 ]

400

200

., 6.242
6.517

0 A

a,_
o
2
s

0 2 4

|
Imin

10mer ATC mass calc. = 2962.0

5 _TTA CTA CCT A-3’ mass found = 2962.9

CPG-oligonucleotide MALDI-MS spectra

10mer ATGC mass calc. = 3019.0

5.GTC ATG ATC T-3’ mass found = 3019.7

230,181
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CPG-oligonucleotide + LiBr

According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with LiBr (200 equiv., 4 umol) in HPLC-grade ACN.

CPG-oligonucleotide

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWTC13-5W.0)

maLl 1 g..:’l
) 0
500 o
400
10mer ATC 1
300 —
5-TTA CTA CCT A-3’ 200
3 e m
100 ] ) 5
4 w0 e
] A
] 1 —
1 T T T T 1
] 2 4 [ 8 10 12 miin
MWD B, Sig=254,16 Ref=360,100 (MARCOIATCG135W D)
maLl — %.
4 ==
1 w
500 -]
400 =
10mer ATGC i
300
5.GTCATG ATCT-3 -
-. = 0
100 R
] © o
] {4
0 M 1 i
T T T T 1
] 2 4 6 8 10 12 miir|

CPG-oligonucleotide MALDI-MS spectra

10mer ATC

5-TTA CTA CCT A-3’

2962622

mass calc. = 2962.0
mass found = 2962.6

10mer ATGC

5-GTC ATG ATC T-3

a000

1230209
1811023
|

mass calc. = 3019.0
mass found = 3019.3

l. mvabnas A
1500 2000

", Ynhf

000
o
1000
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CPG-oligonucleotide + Ni(acac):

According to the representative procedure (RP-03) solid support coupled oligonucleotide

(20 nmol) was treated with Ni(acac). (200 equiv., 4 pmol) in HPLC-grade ACN.

CPG-oligonucleotide Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWTC14-3W.0)
maL

o
2|
b
[i=]

:.on—:
400—__
10mer ATC 1

300 —
5 TTACTACCT A3 .-
100

o _ R

T T T
0 2 4

|
min

MWD1 B, S5ig=254,16 Ref=360,100 (MARCOWTCG143W 0}
mAl

6.491

250

200 —

10mer ATGC 1
150
5-GTC ATG ATCT-3’

100

50

', 6.356
6.663

0]

0

|
Imin

CPG-oligonucleotide MALDI-MS spectra

2062 42

10mer ATC

5-TTA CTA CCT A-3’

mass calc. = 2962.0
mass found = 2962.4

19771

10mer ATGC

5-GTC ATG ATC T-3

mass calc. = 3019.0
mass found = 3019.8

S97




CPG-oligonucleotide + Yb(OTf)s
According to the representative procedure (RP-03) solid support coupled oligonucleotide
(20 nmol) was treated with Yb(OTf)s (200 equiv., 4 pmol) in HPLC-grade MeOH.

CPG-oligonucleotide Analytical RP-HPLC-trace

MWD1 B, Sig=254,168 Ref=360,100 (MARCO\4-2_ATC.D)
mAL 2

6.737

3003
2502

10mer ATC

200 3
5.TTACTACCT A3 '
1004

50—

. 6.604
6.821

D:_ e, |

T T T T
0 2 4 [ 8 10 12

|
min

MWD1 B, S5ig=254,16 Ref=360,100 (MARCOW-2_ATCG.D)

mAl 2
350 -

6.515

200 -

250

10mer ATGC E
200~
5-GTC ATG ATC T-3 ‘5"";
1004

50

BETY

L g427

|
Imin

= 6000
5000

CPG-oligonucleotide MALDI-MS spectra

10mer ATC mass calc. = 2962.0
5_TTA CTA CCT A-3’ mass found = 2963.0
10mer ATGC

mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3019.7
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Table S4 — Stability of DNA against organocatalysts and organic reagents?

Entryl@ Organo Catalyst No. Solvent

1 OO s | MeOH
2 OO o J ACN
3 OO R A MeOH
4 OO o K MeOH
Ph  ph
o OH B
5 X T o MeOH
PH Ph
6 Cc MeOH
7 L MeOH

S99



8 M MeOH
9 D ACN
Ph
10 Lak? N ACN
N OH
Ph
11 Sk E MeOH
N OTMS
12 " o) MeOH
H  HN—N
. H HCI
13 (jo LN3< P MeOH
N
14 m — Q ACN
o N\
OH NH, O
15 R MeOH

O NH, OH
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Z
16 Ph_&ygg\g/}nph F ACN

o (¢}

CF3 CF3

17 CL i @ S MeOH
FsC ”)L” CF3

cl N
18 T EtOH
cl Y

19 A(”JL G ACN

20 o © o H ACN
)J\o/ I\OJJ\

afor each: 20 nmol DNA, 200 eq. organo catalyst, 50 yL solvent, r.t., 22 h; EtOH = ethanol, ACN = acetonitrile, MeOH = methanol.

DNA degradation

0-20% 21-40% 41-60% > 61%
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HPLC traces and MALDI-MS spectra of organocatalyst and organic reagents screens

CPG-oligonucleotide + (R)-(+)-DABN |

According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with (R)-(+)-DABN | (200 equiv., 4 umol) in dry MeOH.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

mAU
1204

80

604

40

204

04

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\HEXT_12.D)

©
h|

N
~l

100 “

©_ 6820
85

So N
oo™

0 2 4 6 8

10mer TC

5-TTCCTCTCC T-3’-

mAU

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\TC_12.D)

10mer ATC

5-TTA CTA CCT A-3’

mAU

250

200

1504

100

50

04

5.531

0

12 min|

10mer ATGC

5-GTC ATG ATC T-3

mAU

250

200

150

100

504

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\ATCG_12.D)

o~
«

o
o

12 min|
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac

ACNH-(CHz)e-
5-TTT TTT-3’

1986183

1200 1400 1600

2800

mass calc. = 1985.4
mass found = 1986.2

10mer TC

5-TTCCTCTCCT-3

2500

2000

1500

1000

1445347

1196.723

e

T
1500

T
2000

"
T
2500

T
3000

T
3500

mass calc. = 2904.9
mass found =2906.3

10mer ATC

5-TTA CTA CCT A-3’

300

100

F
1000

T
1500

T
2000

mass calc. = 2962.0
mass found = 2963.1

10mer ATGC

5-GTC ATG ATC T-3

58000

6000

4000

2000

1502.107

1221.044

1632.072

P A

A

WA I

1000

T
1500

T
2000

T
3000

T
3500

mass calc. = 3019.0
mass found = 3019.0
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CPG-oligonucleotide + (R)-BINOL J
According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with ((R)-BINOL J (200 equiv., 4 umol) in dry ACN.

CPG-oligonucleotide

Analytical RP-HPLC-trace

MWD1 B, Sig=254,15 Ref=350,100 (MARCO\HEXT_5.D)
mAU 9 O‘
3 |
w0 - OH
] OH
hexT-Ac w0 ‘ OO
30]
AcNH-(CH,)6- 1 ‘ J
5.-TTT TTT-3' 20 \‘
10 g 3 I=
] 5 S|P
04 - — oo A S —
0 2 4 s & 10 12 min
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\SULE6_~1\TC_5.D)
mAU | >
T ~N
10 @h
10mer TC o |
5-TTCCTCTCC T-3’- a4 “
] o b
2 3 é !g
] > s
1 o PN Qt'\-;\._,, S e~
A A —
T T T T T T T T T
0 2 4 5 8 10 12 min
MWD1 B, Sig=254, 15 Ref=260,100 (MARCOWATC_5D)
mAU z
] o~
160 m"
140 ‘
120 ‘
10mer ATC 1001 ‘
80 ‘
5-TTA CTA CCT A-3’ 6] |
40 &~ ‘
1 sl 2
20 1~
03 T e _-Egprii R
0 ‘2 All ‘ ‘ é ‘ é ‘\‘O 1‘2 min|
MWD1 B, Sig=254, 16 Ref=360,100 (SNAPSHOT.D)
mAU g,
o
o)
1 |
400 |
1 |
10m er ATGC 3004 |‘
1 \
] \
5-GTCATGATCT-3 | 201 |
] s |
100 = ‘m
] w | l©
] NS
i N {e]
0] Y U .
0 ‘2 ‘%. é é 1‘0 1‘2 min
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- mass found = 1985.0
5-TTTTTT-3
} U‘A.'J
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2904.4
. L MT i ¥ o i o “\Mﬂ.‘im :
10mer ATC mass calc. = 2962.0
5 _TTA CTA CCT A-3’ mass found = 2960.6
10mer ATGC o mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3018.6
| ¢
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CPG-oligonucleotide + (R)-1,1-Binaphthyl-2,2-diyl hydrogenphosphate A

According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with (R)-1,1-Binaphthyl-2,2-diyl hydrogenphosphate A (200 equiv., 4 pmol) in

dry MeOH.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

mAU
100
80
60
40

20

Analytical RP-HPLC-trace

MWD1 B, Sig=254,18 Ref=360,100 (MARCOVHEXT_1.D)
(=]
[(e]
f
~|

__6.846

SO

-
/P\\

SOl

o

0 2 4

©
o~
Y]
© J
— et Y
T T T T T T
6

10mer TC

5-TTCCTCTCC T-3’-

mAU ]
50%
40%
30%

20

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\TC_1.D)

10mer ATC

5-TTA CTA CCT A-3’

mAU
160
140
1204
100
30;
50
40
20;
0]

0

2 4 6 8 10

10mer ATGC

5-GTC ATG ATC T-3

mAU]
120
1005
aoé
eoé
40%

20

MWD1 B, Sig=254,16 Ref=360,100 (SNAPSHOT.D)
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CPG-oligonucleotide MALDI-MS spectra

ot

hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- mass found = 1985.3
5-TTTTTT-3
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2905.4
1188.528 ||.r
e A J- L (P WY JJ. M"\‘k
10mer ATC mass calc. = 2962.0
5.TTA CTA CCT A-3’ mass found = 2963.4
10mer ATGC mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3019.3
S Y ST J“T“‘ — A_:J:J;J{L_________
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CPG-oligonucleotide + (£)-BINAP K
According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with (£)-BINAP K (200 equiv., 4 pmol) in dry MeOH.

CPG-oligonucleotide
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + TADDOL B

According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with TADDOL B (200 equiv., 4 umol) in dry MeOH.

CPG-oligonucleotide Analytical RP-HPLC-trace
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + Quinine C

According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with Quinine C (200 equiv., 4 umol) in dry MeOH.

CPG-oligonucleotide Analytical RP-HPLC-trace
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
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CPG-oligonucleotide + Cinchonidine L
According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with Cinchonidine L (200 equiv., 4 pumol) in dry MeOH.
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + (DHQD).PHAL M
According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with (DHQD).PHAL M (200 equiv., 4 umol) in dry MeOH.

CPG-oligonucleotide Analytical RP-HPLC-trace
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + L-Prolin D
According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with L-Prolin D (200 equiv., 4 pmol) in dry ACN.

CPG-oligonucleotide Analytical RP-HPLC-trace
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
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CPG-oligonucleotide + (R)-a,a-Diphenylprolinol N
According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with (R)-a,a-Diphenylprolinol N (200 equiv., 4 umol) in dry ACN.
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + (R)-a,a-Diphenylprolinol TMS ether E

According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with (R)-a,a-Diphenylprolinol TMS ether E (200 equiv., 4 pmol) in dry ACN.
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + (S)-(-)-2-Tetrazol-5-ylpyrrolidine O

According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with (S)-(-)-2-Tetrazol-5-ylpyrrolidine O (200 equiv., 4 umol) in dry MeOH.
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + (5S)-(-)-2,2,3-Trimethyl-5-benzyl-4-imidazolidinone monohydro-

chloride P

According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with (5S)-(-)-2,2,3-Trimethyl-5-benzyl-4-imidazolidinone monohydrochloride P

(200 equiv., 4 pmol) in dry MeOH.
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CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + (2R,5R)-(+)-2-tert-Butyl-3-methyl-5-benzyl-4-imidazolidinone Q

According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with (2R,5R)-(+)-2-tert-Butyl-3-methyl-5-benzyl-4-imidazolidinone Q (200
equiv., 4 umol) in dry ACN.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\HEXT_11.D)

mAU
200*;

175
150
125
100
75
50+
253

0 e

1k 6784

H
Spuat
O N\
Q

T T T T T T T T T T T T
0 2 4 6

10mer TC

5-TTCCTCTCC T-3’-

TMWD1 B, 51g=254, 16 Ref=2360, 100 (VARCO\TC_11.0)
mAU 7
350 co‘
300 ‘
250 “
200 |
150 | ‘
100 ‘ ‘
|

50

o

@

«@

] w0
e e

T T T T T T T T
0 2 4

10mer ATC

5-TTA CTA CCT A-3’

mAU 7 @
200%

| |
150 ‘
100—f H

50% ‘EH

04 e

T T T T T T T T T T T T
0 2 4 6

10mer ATGC

5-GTC ATG ATC T-3

mAU
300

250—? “
200 “
150 |
wo—i |‘

50

$128




CPG-oligonucleotide MALDI-MS spectra
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CPG-oligonucleotide + (1R,2R)-1,2-Bis(2-hydroxyphenyl)ethylenediamine R
According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with (1R,2R)-1,2-Bis(2-hydroxyphenyl)ethylenediamine R (200 equiv., 4 pumol)

in dry MeOH.
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MWD1 B, Sig=254,16 Ref=360,100 (MARCO\AWTCG_21.D)

~
S|
©
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- mass found = 1986.3
5-TTTTTT-3
‘ : : — Ju_m& : : : :
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2905.5
, "y " o _— J.Jw\\m_ :
10mer ATC mass calc. = 2962.0
5 _TTA CTA CCT A-3’ mass found = 2961.8
o ‘ —E . WKAMA:E\'—NJM -
10mer ATGC mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3018.6
o bl M—[l—ljl o LA.A h JM
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CPG-oligonucleotide + (R,R)-2,6-Bis(4-phenyl-2-oxazolin-2-yl)pyridine F

According to the representative procedure (RP-04) solid support coupled oligonucleotide (20

nmol) was treated with (R,R)-2,6-Bis(4-phenyl-2-oxazolin-2-yl)pyridine F (200 equiv., 4 pmol) in

dry ACN.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

mAU -
800

7004

600

500

400

3003

200

100

0

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\HEXT_24.D)
@ 7z
2
&l |
~ N X N
| =
o (0]

0

T T T T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 min

10mer TC

5-TTCCTCTCC T-3’-

mAU ]

400—2
300—5
200—2
moé

0

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\TC_24.D)

. 6.057

g
@ H

A
0 A
o’ \
TYAY e —
T T T T T T T T T T T T T T

0

T T T T T T
2 4 6

-
o
[N)

min|

10mer ATC

5-TTA CTA CCT A-3’

mAU E
300—3
250%
200%
150—3
100—5

50

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\ATC_24.D)

5196
\.5.990

05

0

T T T T T T T T
2 4 6

w—
o
¥

min|

10mer ATGC

5-GTC ATG ATC T-3

mAU

3503
300
250
200
150
100

50

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\ATCG_24.D)

115202
12 5807
*é
6
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
AcNH-(CH>)e- mass found = 1986.2
5-TTTTTT-3
‘ N ‘J\\LLM
10mer TC 1 mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2905.8
10mer ATC mass calc. = 2962.0
5 _TTA CTA CCT A-3’ mass found = 2965.3
. “.\‘
U L e LMM
10mer ATGC - mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3017.7
. J. S Jend b " L_JuNm“
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CPG-oligonucleotide + N,N-bis[3,5-bis(trifluoromethyl)phenyl]-thiourea S

According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with N,N-bis[3,5-bis(trifluoromethyl)phenyl]-thiourea S (200 equiv., 4 pmol) in
dry MeOH.

CPG-oligonucleotide Analytical RP-HPLC-trace
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\HEXT_17.D)
mAU 7 2 CF; CF3
] o Ne!
| X
E FsC N” N CF
hexT-Ac 50 s H H :
40—2 S
ACNH-(CHo)6- ] H
5-TTT TTT-3’ ]
20 ) H
] 5
107 °
o] N S
0 ‘2 All é ‘ é 1‘0 1‘2 min|
MWD1 B, Sig=254.16 Ref=360,100 (MARCO\TC_17.D)
mAU S
- mr
1
80 ‘
10mer TC 60l ‘
5TTCCTCTCCT-3- | - ‘
20; o “
] T 88
1 © ©
0+ — e T ~ — —
0 2 4 - ‘ 8 10 12 min
MWD1 B, Sig=254,18 Ref=360,100 (VARCO\ATC_17.D)
mAU ] pred
4 ™
200 mn
10mer ATC 1507 ‘
100 ‘
5-TTA CTA CCT A-3’ 1 \‘
B |
7 & § I8
RV
ol i NG A - B |
T T ST T T T T
MWD1 B, Sig=254,16 Ref=360,100 (MARCOWTCG_17.D)
mAU >
] £
] ©|
400 |
] W
1 |
10mer ATGC 8007 ‘
] w
2004
5-GTC ATG ATC T-3’ ] |
g |l
] EAAL
0 UL I - _
0 2 i IR 5 10 12 min
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o

CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- mass found = 1985.9
5-TTTTTT-3
. . L) L JL'JJW“_M .
10mer TC un mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2905.0
| R, P
10mer ATC mass calc. = 2962.0
5 _TTA CTA CCT A-3’ mass found = 2963.8
10mer ATGC o] mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3018.9
0 (WO I e ‘LJ J o L e J\L T LJUUM‘ ‘ |
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CPG-oligonucleotide + 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone T
According to the representative procedure (RP-04) solid support coupled oligonucleotide (20

nmol) was treated with 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone T (200 equiv., 4 umol) in dry
EtOH.

CPG-oligonucleotide Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (VARCO\HEXT18-1.D)
mAU 1 o 0
)

i ] cl N
1204 “

3 | X
hexT-Ac 1905 \‘ c Y
80 |

b T
AcNH-(CH>)e- 60 |‘
5-TTTTTT-3

40

20

T?W 991
|

— ]

0]

T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\TC_18-1.D)

mAU 7

250—5 H
10mer TC 2007

150—? ‘

§-TTCCTCTCCT-3- |- |

50

0 1 S \L‘\,\,,\x'“f AN
— Y ———  —————— | ———————
0 2 4 6 8 10 12

min|

mAU o
400 @
350
300 H
10mer ATC 250 ‘
200—5

5-TTA CTA CCT A-3’ 150 |
100 ©
50 § |

A
] 4 I\
03 —_ L -/ —~—— J

T T T T T T T T T T T T T
0 2 4 6 8 10 12

min|

mAU 1 2

300%
250 ‘|

10mer ATGC 3

200—E “

5.GTCATG ATCT-3 | '®- |‘

100

50-]

min|
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CPG-oligonucleotide MALDI-MS spectra

ot

hexT-Ac
mass calc. = 1985.4
AcNH-(CH,)e- mass found = 1985.0
5-TTT TTT-3’
. ‘ : . lT . “\JLM& ‘ : :
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2906.4
- 1._ | - [ n TJNMT._ -
10mer ATC mass calc. = 2962.0
5_TTA CTA CCT A-3’ rzeod mass found = 2961.5
00 - LL.L T VJ»"UtI\A._ ‘
10mer ATGC mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3017.6
] J i |
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CPG-oligonucleotide + (2,2,6,6-Tetramethylpiperidin-1-yl)oxyl G

According to the representative procedure (RP-04) solid support coupled oligonucleotide (20

nmol) was treated with (2,2,6,6-Tetramethylpiperidin-1-yl)oxyl G (200 equiv., 4 umol) in dry ACN.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

mAU 3

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\HEXT17-1.D)

© o

o \_N_/
r-~H

10mer TC

5-TTCCTCTCC T-3’-

mAU 3
160
140
120
100
80
60
40
204

E

0

T T T T T T T T T T T T T
2 4 6 8 10 12

10mer ATC

5-TTA CTA CCT A-3’

mAU
500—2
400—5
300—5
2no—f
100—5

0]

o 308

0

10mer ATGC

5-GTC ATG ATC T-3

mAU .
eoo—f
500—3
400;
300%
200—f

100

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\TE-ATCG.D)

min|
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
AcNH-(CH>)e- mass found = 1984.7
5-TTTTTT-3
I S IML ‘
10mer TC mass calc. = 2904.9
5_TTC CTC TCC T-3’ mass found =2904.8
. { T . | L L — J\w.l‘\ih‘g .
10mer ATC | mass calc. = 2962.0
5 _TTA CTA CCT A-3’ mass found = 2961.7
LJ_A_L&ALJ\"L #‘
o0 ‘ Lu_k e J'!M ‘
10mer ATGC mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3018.7
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CPG-oligonucleotide + (Diacetoxyiodo)benzene H

According to the representative procedure (RP-04) solid support coupled oligonucleotide (20
nmol) was treated with (Diacetoxyiodo)benzene H (200 equiv., 4 pmol) in dry ACN.

CPG-oligonucleotide

hexT-Ac

ACNH-(CHz)ﬁ-
5-TTT TTT-3’

Analytical RP-HPLC-trace

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\HEXT17-3.D)

mAU 7
80
50
40

20

)
©
<

6846

10mer TC

5-TTCCTCTCC T-3’-

mAU 7
300

250—2
200—5
15o—f
100—5
50

0 —

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\TC_17-3.D)

o
N
|

15.382

T T T T
0 2

10mer ATC

5-TTA CTA CCT A-3’

mAU ]
40
30

20

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\ATC_17-3.D)

10mer ATGC

5-GTC ATG ATC T-3

mAU 4

400
300
200

100

5506

nol
b [ |o
MR
L
i \©
J\ N
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CPG-oligonucleotide MALDI-MS spectra

hexT-Ac
mass calc. = 1985.4
ACNH-(CH>)s- N mass found = 1985.5
5-TTTTTT-3
R -
10mer TC mass calc. = 2904.9
§TTCCTCTCCT-3 . mass found =2905.3
T
10mer ATC ] mass calc. = 2962.0
5 _TTA CTA CCT A-3’ mass found = 2962.1
10mer ATGC mass calc. = 3019.0
5.GTC ATG ATC T-3’ mass found = 3018.2
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Synthesis of CPG-coupled oligonucleotide-aldehyde and -aniline conjugates

DNA conjugate 11: Following DMT removal, CPG-coupled hexT-Cs-NH. was reacted with 2-(4-formylphenoxy)acetic
acid according to RP-06.

HPLC trace of crude reaction mixture 11 (Analytical RP-HPLC, Method-I)

MWD B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\OPTIMI~1\MP058DA2.D)
mAU o R’
1 e
L NS oo )|
400 SH
] hexT 0 ‘
300 M
200 “
1 o
4 w
] 3 |(L
100 ]
] o b
1 NI
] VAR
0 — Y — —
T T T T T T T T T T T T T T T T
2 4 6 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
7.451 0.380 13.568 309.446 6.985
8.050 0.140 81.005 680.467 15.360
8.421 0.113 465.707 3157.925 71.284
8.652 0.172 27.277 282 .228 6.371

HPLC trace of crude reaction mixture 11 (Analytical RP-HPLC, Method-III)

MWD1 B, Sig=254,16 Ref=360,100 (SNAPSHOT D)

mAU J T

] o

140 ] |

120 M

1004
60

40 ‘ ‘

20 |

03— _— -_

mi

Peak list:

Ret. Time Width min Height Area Area %

MALDI-MS spectrum of crude reaction mixture 11

g w0t 2105654
@ mass calc. = 2104.5
£ %7 mass found = 2105.7
254
20+
1.5
1.09
059 2256.443
0.0 L A . \__,___/'dL\JJ Jw._
1000 1 SIOU ZU‘UO 25‘00 SdUO SS‘UU
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DNA conjugate 15a: Following DMT removal, CPG-coupled 10mer ATGC-Ce-NH; was

formylphenoxy)acetic acid according to RP-06.

HPLC trace of crude reaction mixture 15a (Analytical

RP-HPLC, Method-11)

MWD B, Sig=254,16 Ref=360,100 (MARCO\MP097DA3.D)
mAU ] o 2
1 ~
1 o.
250 W\Oﬁuk (Dl‘
10mer ATGC =0 ‘
200 |
150 “
] ~
4 wn
100 o ‘ ‘ ©
] I ]
] I | to «
50 \o.]e <
b M M & I
o ) YA YA ka-‘ff_HL‘-f\_ o ]
1 T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
5.571 0.289 85.209 1478.684 32.859
6.439 0.151 287.006 2591.899 57.597
6.736 0.244 13.652 195.884 4.442
8.338 0.096 39.738 229.610 5.102

MALDI-MS spectrum of crude reaction mixture 15a

E 2350.847
W] ~Mass calc. = 3359.3
2 mass found = 3359.9
1500
10004
1881.200
500

T L — T T
1500 2000 2500
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DNA conjugate 15b: Following DMT removal, CPG-coupled 10mer ATGC-C¢-NH, was reacted with 2-(2-chloro-4-
formylphenoxy)acetic acid according to RP-06.

HPLC trace of crude reaction mixture 15b (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWP299_CR D)
mAU 3 o 2
E ?
003 WOQHKO E
250 10mer ATGC al 0 \‘
5 o |
200 1=
1 w
150
] Ll |
100 | i o~
: (|-
E I\ \
o ] ! \'“l l\ M i
f f \ ) AN A
0] o _ a LA o feed Y W
1 T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.772 0.363 160.782 3497.436 48.597
6.859 0.176 318.828 3368.118 46.800
8.342 0.119 46.536 331.252 4.603
MALDI-MS spectrum of crude reaction mixture 15b
i 1 3300.100
4 mass calc. = 3391.6 1
s -
Za00{ mass found = 3390.1
1500
1000
| 2170578 3238544
500
AL.LJM—LAUM Mok m L dod J'.A_.waulh
:_I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500 e
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DNA conjugate 15c: Following DMT removal, CPG-coupled 10mer ATGC-Ces-NH, was reacted with 2-((3-
formylnaphthalen-2-yl)oxy)acetic acid according to RP-06.

HPLC trace of crude reaction mixture 15c (Analytical RP-HPLC, Method-11)

MWD B, Sig=254,16 Ref=360,100 (MARCOWMP298K D)
] f=2] (=2
mAU__ ° _0 = 8ﬂ
] 1 ~
i Aa s T |
150_5 10mer ATGC ” “
1257 O |
1007 ” H
75—: || ‘ | °
] I ©
504 ‘ |‘ — | | -+
q I‘,‘| e I f
254 B Mo
i — B e RSN A . —
T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.579 0.169 192.695 1958.967 43.751
7.161 0.150 15.139 136.541 3.049
7.509 0.163 200.876 1960.796 43.792
8.361 0.171 41.176 421.236 5.408
MALDI-MS spectrum of crude reaction mixture 15c
P mass calc. = 3409.4
§
E mass found = 3407.7
1500
3104 545
1000
500
KJM S _
1500 2000 2500 3000 3500 4000 4500
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DNA conjugate 17: Following DMT removal, CPG-coupled 10mer ATGC-Cs-NH-

aminobenzoic acid according to RP-06.

HPLC trace of crude reaction mixture 17 (Analytical RP-HPLC, Method-II)

was reacted with Fmoc-4-

MWD B, Sig=254,16 Ref=360,100 (MARCOWP137NH3 D)
mAU 4 o o
=t
4 F—’
(VAW =
200 H ‘
10mer ATGC NH,
150
100
50 2
1 I
] M~
0] — — N .
T T T T T T T T T T
2 4 6 8 10 12 mii
Peak list:
Ret. Time Width min Height Area Area %
5.545 0.185 80.235 889.637 31.150
5.748 0.108 236.329 1537.165 53.823
£.000 0.227 24.931 338.957 11.868
7.260 0.094 15.985 90.193 3.158
MALDI-MS spectrum of crude reaction mixture 17
" mass calc. = 3316.3
8 -
£ mass found = 3315.7
6000
4000
2000
] e heh LJJ#J___
o T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500 .
miz
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ZnCl2-mediated aza-Diels-Alder reaction on CPG-coupled oligonucleotides

Table S5 Optimization of ZnCl.-mediated aza-Diels-Alder reaction with Danishefsky's diene on CPG-
coupled hexT-aldehyde conjugate.?

1. solvent/TEOF 2:1

rt, X h
2.TMSO o
h / Y eq. fo)
)(L/ NHz /13 \ ° W”k/
@ \ \ "N © + ©/ hexT N
g H o X equiv. ZnCl, 14 " ‘
hexT z solvent, rt, X h
20 nmol Xeq. 3.aq. NH3,50°C, 6 h g
1 12a
Entry Reaction conditions® HPLC trace of crude reaction mixture®
MWD1 B, Sig=254.16 Ref=360,100 (MARCO\DIELS-~1\OPTIMI~1\MP058DA2.0)
mAU §I
400+ m“
|
300 -
1 hexT-aldehyde conjugate 11 0]
|
100 - I
0+ — Ly
2 H 5 3 10 12 min
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\OPTIMI~1\MP0&8-P D)
mAU =3
140 g”
120 |
100 o
2 hexT-isoquinolone conjugate 14 i
60 |
40
20
01— — - - — — S — — —
[ 2 H 5 B 10 12 min
3 ll 500 eqUIV. 12a . MWD1 B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\OPTIMI~1\MPO&8F-1.D) °
THF/TEOF (2:1), 4 h, it 50 ] |
2. 500 equiv. 13 e 5 .
50 equiv. ZnCl; 0] m, \
THF, 1 h, rt s I '
30 | I
=> conversion 62 % 2 (
bE i -
03— — LT — -
4 1 500 eqUIV lza [ mu?hh‘.‘D‘\ E.S\g=254215Ref=360.1t}0:P.|:RCO-D\ELS--1‘.MPEEBE-LD 2 o 2 -z =4
CH.CI,/TEOF (2:1), 4 h, rt s Z
2. 500 equiv. 13 77 < f
50 equiv. ZnCl, - I
CH2Cly, 1 h, rt e Il ‘
30 | [
=> conversion 61 % 2
104
ol
2 4 & 8 10 12 min|
5 1 500 EC]UIV 12a . MWD1 B, Sig=254.16 Ref=360,100 (MARCO\DIELS-~1\MP06EB-7.D) _
DCE/TEOF (2: 2
( (21),4h, nt . .
2. 500 equiv. 13 |
. 100 |
50 equiv. ZnCl, . .
DCE, 1h, rt g 1
. 40 | |
=> conversion 28 % ol
04 1 - — —
2 H 5 3 10 12 min
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10

11

12

. 500 equiv. 12a

ACN/TEOF (2:1), 4 h, 1t

. 500 equiv. 13

50 equiv. ZnCl;
ACN, 1 h, rt

=> conversion 82 %

. 500 equiv. 12a

MeOH/TEOF (2:1), 4 h, rt

. 500 equiv. 13

50 equiv. ZnCl,
MeOH, 1 h, rt

=> conversion 80 %

. 500 equiv. 12a

EtOH/TEOF (2:1), 4 h, 1t

. 500 equiv. 13

50 equiv. ZnCl;
EtOH, 1 h, rt

=> conversion 80 %

. 500 equiv. 12a

Toluene /TEOF (2:1), 4 h, rt

. 500 equiv. 13

50 equiv. ZnCl;
Toluene, 1 h, rt

=> conversion 65 %

. 1000 equiv. 12a

THF/TEOF (2:1), 4 h, 1t

. 1000 equiv. 13

50 equiv. ZnCl;
THF, 1 h, rt

=> conversion 49 %

. 2000 equiv. 12a

THF/TEOF (2:1), 4 h, 1t

. 2000 equiv. 13

50 equiv. ZnCl,
THF, 1 h, rt

=> conversion 43 %

. 4000 equiv. 12a

THF/TEOF (2:1), 4 h, 1t

. 4000 equiv. 13

50 equiv. ZnCl,
THF, 1 h, rt

=> conversion 34 %

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\MP068B-3.D)

_8.556

L
<

s

0 2 4 8

01—

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\MP06EE-4.D)

8561

\l‘.‘

0 2 4 &

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\MP068B-6.D)

__B.560

2 4 &

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\MP068B-5.0)

8576

2 4 3

204
104

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\MP06EC-2.D)

AL M
AN,

_8.534

T T T
2 4 3

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\MP0EEC-3.D)

_ 9658

T T T
2 4 &

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\MP0EEC-4.D)

_9.682
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13 1 4000 eq u iv 12a MWD1 B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\OPTIMI~1\MP0&8D-2.D)

THF/TEOF (2:1), 4 h, rt e 5/
2. 500 equiv. 13 5] |
50 equiv. ZnCl; o] ( i
THF, 1 h, 1t | &
40 | A
=> conversion 33 % 0] |
14 1 500 eqUIV 12a [ o MWD1 B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\OPTIMI~1\MP0&8D-3.D) g
THF/TEOF (2:1), 4 h, 1t 3
2. 4000 equiv. 13 oo
50 equiv. ZnCl; ol 2 ‘
THF, 1 h, 1t o
50 I \
=> conversion 73 % )
15 | - MWD1 B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\OPTIMI~1\MP0&8F-2.D) g
1. 500 equiv. 12a 0] o
THF/TEOF (2:1), 4 h, rt |
2. 500 eqUiV. 13 150 Iw
100 equiv. ZnCl; o] - .
THF, 1 h, 1t 2
=> conversion 82% i I B i
16 | mu_h-f‘.“.‘D‘W B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\MP08BA.D) E
1. 500 equiv. 12a g
THF/TEOF (2:1), 4 h, rt I
2. 500 equiv. 13 w0l |
THF, 1 h, rt 30
=> conversion < 5% 10 ~

@ Condensation of CPG-coupled hexT aldehyde conjugate 11 (20 nmol) with aniline 12a (X equiv.) in 36 uL of indicated
solvent/triethyl orthoformate (2:1) at ambient temperature for 4 h, then ZnCl, (X equiv.) suspended in 30 pL of indicated
solvent and Danishefsky's diene 13 (X equiv.) were added, the reaction mixture was shaken at ambient temperature for
1 h. ®Changed parameters are in bold and italic. ¢ Analytical RP-HPLC, Method-I. TEOF = triethyl orthoformate.
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Table S6 — Scope of ZnClz-mediated aza-Diels-Alder reaction with Danishefsky's diene on CPG-coupled

10mer ATGC oligonucleotide-aldehyde conjugate using different amines.?
1. ACN/TEOF 2:1
rt,4h
2. TMSQ

Va

o
Mo
A VA VY R
13 H

o
o
@ AV AN %N)K/ + o NH2 10mer ATGC N
G H 100 equiv. ZnCl, 16a-r
0 ACN, tt, 1 h

o

10mer ATGC 12
15a 3. aq. NH3, 50°C, 6 h I
i ; MassScalc.
0410
Entry Product Amine Conversion [%] MasSroera
e 3502.5
1 16a @ 80
12a 3503.0
2 16b w{ 83 35306
12b .
HoN
’ C\< 3530.6
’ e & 3530.7
12c
HoN
3530.6
* 1o 21 3530.5
12d
5 16e “zN@F 82 3520.5
3522.4
12e
3520.5
° o F & 3518.2
12f
3538.5
! 100 F 63 3540.5
129
8 16h HQN@B' 75 3581.4
3582.0
12h
i)
[ 3581.4
’ o Br <> n.d.
12i
10 16j “2’“@% 80 3544.6
i 3545.1
12j
HoN
3558.6
. oK <> n.d.
12k
- :\< ! 3562.6
” ! o= & 3564.0
12|
)
3562.6
” o N 27 3563.8

[E
[\ S
3
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3560.5

Hw<€§ﬁ n.d.
14 16n 4 o 64 cleaved ester

1on 3546.5
3545.4
HoN
: 3526.5
15 160 \ 70 P
120
el
3570.6
d =
16 16p N 63 3570.6
»
12p
72\
17¢ 16q P <5 3iod3.5
129 d.
~ 3468.5
efg H,N
18 16r 12r 56 3469.1

& Condensation of CPG-coupled oligonucleotide conjugate 13 (20 nmol) with amine 14 (500 equiv., 10 pmol) in 36 pL
acetonitrile/triethyl orthoformate (2:1) at ambient temperature for 4 h, then addition of ZnCl. (100 equiv., 2 pmol) dissolved in 30 pL
acetonitrile and Danishefsky’s diene 15 (1000 equiv., 20 umol) at ambient temperature for 1 h. DNA cleavage with 30 % aqueous
ammonia at 50 °C for 6 h. ® Determined by analytical RP-HPLC analysis. ¢ Measured by MALDI-MS. ¢ Dimethyl sulfoxid was used
instead of acetonitrile. © 1000 equiv. of amine were used. ¢ Yb(OTf)s was used instead of ZnCl.. 9 2™ step of the reaction was
performed overnight at 35 °C . 10mer ATGC = 5-GTC ATG ATC T-3'. n.d. = not detected.
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Products of aza-Diels-Alder reaction with Danishefsky's diene on CPG-coupled 10mer
ATGC oligonucleotide-aldehyde conjugate

DNA conjugate 14: CPG-coupled hexT-aldehyde conjugate 11 was reacted with aniline 12a and Danishefsky's diene
13 according to RP-07.

HPLC trace of crude reaction mixture 14 (Analytical RP-HPLC, Method-I)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~1\OPTIMI~1\MPO68F-2.D)
mAU E o %IAI
b o >
200 Wok‘%uk “\
1 hexT N “
150 ‘ \
] 1
] o ‘ |
100 g
] 9 k
] @ I
50| noo |
] I\ I |
/' N, |
—,————— ,
0 2 4 ] 8 10 12 min
Peak list:
Ret. Time Width min Height Area Area %
8.491 0.183 61.121 672.861 18.256
9.582 0.217 231.477 3012.743 81.744
HPLC trace of isolated product 14 (Analytical RP-HPLC, Method-I)
MWD B, Sig=254,16 Ref=360,100 (MARCO\DIELS-~T\OPTIMI~1\MP068-P.D)
mAU ] gf\
140—; il
120 ‘\\
100 | “
80 “ \
] |
60 ‘ |
] |
40 |
] [
20 .
] ~
o o A~ N o -
T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 min|
Peak list:
Ret. Time Width min Height Area Area %
9.540 0.174 148.892 1551.445 100.000
MALDI-MS spectrum of isolated product 14
3 ot 2249556
u mass calc. = 2247.7
5
E mass found = 2249.6
o]
3
5
J
2105.170 \
|
| 1L " . l A JLMJI "\'\‘L
: : : : :
1000 1500 2000 2500 3000 3500 mz
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DNA conjugate 16a: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with aniline 12a and
Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16a (Analytical RP-HPLC, Method-11)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP126CRN.D)
mAU 1 o gr
- o~
E V\'r?\/r\b%%NJL\/O |
1753 A |
3 10mer ATGC N ‘
1503 \ |
1254 o
1007; | o
753 I 3
] ‘I ©
07 |
257 ol
0 f ) i - 4,\}/\_ l\'/\l‘ul\ik R
] T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.340 0.119 58.214 417.263 19.674
7.258 0.136 208.242 1703.613 80.326

HPLC trace of isolated product 16a (Analytical RP-HPLC, Method-11)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\WMP126-PF.D)
mAU 7 @
1 &l
175—; l'-||
150—2 M
1253 |
100—? ‘
75 ‘ ‘
50 ‘l |
25 I
R — — N
T T T T T T T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
7.285 0.137 192.411 1581.263 100.000
MALDI-MS spectrum of isolated product 16a
i i 3502.083
4100 Mass calc. = 3502.5
2 ] mass found = 3503.0
1250
‘I:E:l:
750
1763.027
EEJ:
19684.150
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DNA conjugate 16b: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 4-ethylaniline 12b and
Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16b (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCOS~1\MP259-CR D)
mAU ] 59'
175 ;‘l
150E i |
WO’HQNJK/O “ ‘
1259 H ‘
] 10mer ATGC N ‘
100 H | |
75—; o || E ‘ |
50’5 i \‘ ‘ © | |‘
] AT o
254 [y o
3 J WAL B Al I
o o ) o —"\y N~ ]
L 5 o S s -
Peak list:
Ret. Time Width min Height Area Area %
6.548 0.152 40.113 366.884 17.142
8.418 0.161 183.156 1773.384 82.858
HPLC trace of isolated product 16b (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP255-P D)
mAU ] g|
] S|
4 Lo}
40 “
2] I\l
] ‘ |
20 |
b |
1 [
10 [
] [
] N e N -
) [ S e M —— i — ——— N
1 T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
8.095 0.163 46.939 527.236 100.000
MALDI-MS spectrum of isolated product 16b
i i 3530.611
a mass calc. = 3530.6
: j
Zs000{ Mass found = 3530.6
4000
3000 1767.008
2000
1000
1 b B PO T H‘MALM N "
o
1500 ZDIEZI 25‘[!3 SEIZIZI SEIEZI 4[!'30 45‘30 '
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DNA conjugate 16c: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 3-ethylaniline 12c¢ and
Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16c (Analytical RP-HPLC, Method-11)

MWD B, Sig=254,16 Ref=360,100 (MARCOWMP208CRG D)
mAU ] ° ~
: J &
200? 10mer ATGC |‘|
150 ] “
100 ] | |
50 [
] |
i \ [N
0] R e
S S o o S —
Peak list:
Ret. Time wWidth min Height Area Area %
5.394 0.126 88.915 671.706 22.094
8.217 0.159 247.953 2368.533 77.906
HPLC trace of isolated product 16c (Analytical RP-HPLC, Method-I1)
MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP208-P.D)
mAU ] g
120 =
1 °°||
1004 |
80 “
60 ‘||‘
40 ~ | |‘
] ~ | |
204 A |\
] P /’ —_ ' AN o )
0 e i—\r _— o~ _—
——— ———— . .
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.117 0.200 18.678 223.737 14.897
8.165 0.172 123.940 1278.181 85.103
MALDI-MS spectrum of isolated product 16c
i T 3530.672
4 mass calc. = 3530.6
g
E mass found = 3530.7
4000
3000
2000+
1767.216
1000
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500 miz
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DNA conjugate 16d: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 2-ethylaniline 12d and
Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16d (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP260CRG.D)
mAU ] °
120
] o.
: WOHQN)J\/
100 A
1 10mer ATGC
80
60
40
20
I ——— e —— - —
T T T T T T T
4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.409 0.118 125.205 888.869 79.180
7.975 0.170 22.931 233.718 20.820

HPLC trace of isolated product 16d (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP260-PN.D)
mAU 7 n§
60 r‘."I
0 |‘|
40—f
] 1
30—E | |
204 ‘ “.
] | "‘.‘
10 |
] J N\
04 — e T ]
T T T T T T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.868 0.163 63.501 734 .635 100.000
MALDI-MS spectrum of isolated product 16d
v mass calc. = 3530.6
g mass found = 3530.5
3000
20004
1785.710
1000
1500 2000 2500 3000 3500 4000 4500
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DNA conjugate 16e: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 4-fluoroaniline 12e and
Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16e (Analytical RP-HPLC, Method-11)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP202CR2.D)
mAU ] F b
] o
250 o F—\‘
R VaV AR |
200 H
1 10mer ATGC N [| H
1 C
150 | |
1 ‘ ) ‘
100 ] ° | P ‘
] f © |
] (1 |
] |I\_..|\ II | |
507 P I
] AR VR J o
05 Y N \'[_[\”’V[ R
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.610 0.119 85.910 615.488 17.943
7.653 0.169 277.660 2814.702 82.057

HPLC trace of isolated product 16e (Analytical RP-HPLC, Method-I1)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP202-PN.D)
mAU 3 Ire)
] R
] ~
70 ”
60 |
50 ‘
403 |‘
303 |‘
20 I‘ {
10 |\
] e e —
e — e —— - - —_—
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.258 0.157 80.713 759.141 100.000
MALDI-MS spectrum of isolated product 16e
i q 3522 437
4 mass calc. = 3520.5
o 1200 _
E mass found = 3522.4
1000
200+
600
4004
2004
_l ahdllanine b bl e
0
T T T T T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500 miz
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DNA conjugate 16f: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 3-fluoroaniline 12f and

Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16f (Analytical RP-HPLC, Method-I1)

MWD B, Sig=254,16 Ref=360,100 (MARCOWMP258CR2 D)
mAU F ©
] o 8
] I~
] WO/HS«H)K/O \‘
200  10mer ATGC N |
1 | \‘
150 ]
100
50
ol S i
T T T T T T T T -
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time wWidth min Height Area Area %
5.564 0.115 126.466 869.415 24.985
7.638 0.167 260.806 2610.369 75.015
HPLC trace of isolated product 16f (Analytical RP-HPLC, Method-I1)
MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP258-P.D)
mAU 3
=
, |
30 “
25 \
20 I
s R
10 [ \l |
5 [
P _ N AN _— Q* A S A
I T T T T T T
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
8.080 0.233 39.982 559.062 100.000
MALDI-MS spectrum of isolated product 16f
g T 2512.244
¥ mass calc. = 3520.5
3 4
£ mass found = 3518.2
1000
800+
600 |
400
200
1500 2000 2500 3000 3500 4000 4500
miz
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DNA conjugate 16g: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 2,4-difluoroaniline 12g and
Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16g (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254, 16 Ref=360,100 (MARCOWMP203CR1 D)
mAL F g'
2004 3
175 ] i 3 h”
I N Ao Foo©
150 3 H |
3 10mer ATGC N | |
1253 - |‘ ‘ |
100 I | ‘| ‘
753 || ‘
1 \ ‘ ‘
o
ol A ~ N~
S s T S IV S e s -
Peak list:
Ret. Time wWidth min Height Area Area %
5.342 0.106 158.028 1001.661 36.776
7.382 0.136 211.071 1722.049 63.224
HPLC trace of isolated product 16g (Analytical RP-HPLC, Method-II)
MWD B, Sig=254,16 Ref=360,100 (MARCOWMP203-P.D)
mAU ] ©
] =)
i !
200 H
150 ‘|
100 ‘|‘
] |
50 | \
4 | |
4 [}
] N
0 o - — —— e N -~
2 2 6 - 8 10 ' 2 mi
Peak list:
Ret. Time Width min Height Area Area %
7.318 0.147 229.286 2021.325 100.000
MALDI-MS spectrum of isolated product 16g
i 3540.485
P mass calc. = 3538.5
5 1000
E mass found = 3540.5
800
600
400
2004
] e ,..4.1...1' ik PR TR |
a T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500
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DNA conjugate 16h: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 4-bromoaniline 12h and
Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16h (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP127CR1.D)

mAU Br g'
] I~
160 ° |
140—; WO,HS\NJK/O H
120 1omer ATGC H
100
E i
60 | |‘
40 R
] R
20 Y \
0: P . . 1 re— — S—
S S T T mi
Peak list:
Ret. Time wWidth min Height Area Area %
5.338 0.117 81.814 572.011 24.990
7.734 0.163 175.931 1716.947 75.010
HPLC trace of isolated product 16h (Analytical RP-HPLC, Method-II)
MWD B, Sig=254,16 Ref=360,100 (MARCOWMP127-P.D)
mAU 1 2
160 :q
140 H
120 ‘|
100 |\
BD—; ‘ |
60 | ‘I
40 M
20 | \,‘l‘
1 . ot e e~
0o = o
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.779 0.173 166.620 1727.824 100.000
MALDI-MS spectrum of isolated product 16h
u mass calc. = 3581.4
£ mass found = 3582.0
1500
1000
1782.196
500
J_Mwu e Lw ——
15IDD T T T T ZDIUE T T T T 25'0[} T T T T 30'[}3 T T T T SEIEE T T T T 4|:I|::| T T 45|:':' T IIT”.Z
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DNA conjugate 16i: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 2-bromoaniline 12i and
Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16i (Analytical RP-HPLC, Method-II)

MWD B, Sig=254,16 Ref=360,100 (MARCOWMP128CRG.D)
mAU o 8r
120 =
] o.
1 Wo’@uﬂv Br ‘D‘
1004 10mer ATGC N ‘
1 “
30
] [o]
60
40
20
o] —_ A -
7 T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time wWidth min Height Area Area %
6.406 0.117 126.845 892.818 82.131
7.445 0.165 19.606 194 .252 17.869

MALDI-MS spectrum of crude reaction mixture 16i

3200~ 3350474
p mass calc. = 3581.4
= mass found = 3582.0 (traces)
2000
1500
1000
3230.718
500
N NN W,
15‘00 ' ‘ ZdDE ‘ ' ' 25‘0[! ' ' ' ' SDIEZI ' ' ' ' SEIEE ' ' 4EIE3 ‘ ' ' 45‘33 ' '
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DNA conjugate 16j: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 4-isopropylaniline 12j and
Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16j (Analytical RP-HPLC, Method-II)

MWD B, Sig=254,16 Ref=360,100 (MARCOWMP131CRG D)
mAU 7 =)
120 @)
i co‘
1 it ‘
NS oy |
ap ] 10mer ATGC N ‘|
60 -] | |
a0 | ‘I
] [
20 .
] I
Y A I — I
| L e e " S s -
Peak list:
Ret. Time wWidth min Height Area Area %
5.400 0.130 38.296 299.374 15.818
8.698 0.161 125.035 1211.246 80.182
HPLC trace of isolated product 16j (Analytical RP-HPLC, Method-II)
MWD B, Sig=254,16 Ref=360,100 (MARCOWP131-P.D)
mAU 4 2
] =)
1 @)
100 H
80 ||
60 | ‘l
1 \
40 ‘ |‘
20 ‘l \
057, S Y ) B _‘——Q-»—, N
I S T — P pA -
Peak list:
Ret. Time Width min Height Area Area %
8.709 0.180 120.773 1304.196 100.000
MALDI-MS spectrum of isolated product 16j
i 1 3545.083
ﬂ- mass calc. = 3544.6
£ mass found = 3545.1
30004
20004
1000
1773.744
T S R, N
15‘00 ' ZDIDE ' ' ' 26‘0[! ' ' ‘ ' SDIE:I ' ' ' ' SEIEE ' ' ' ' 4EIE:I ' ' 45‘33 ' Im.l'z
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DNA conjugate 16k: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 2-tert-butylaniline 12k and
Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16k (Analytical RP-HPLC, Method-11)

MWD1 B, Sig=254, 16 Ref=360,100 (MARCOWMPZ09CRG D)
mAU ] o g
] ™
1 0.
] W\O/HB\”)K/ zu|‘
400  10mer ATGC |
] )
300 |
200 ﬂl ‘ ‘
5 (I
100 I | | <
] '\ I ~
0 1 - m”'/\’“ HJT \"’ — t";,_ — —
—r :
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time wWidth min Height Area Area %
5.581 0.228 211.424 2894.779 31.714
6.374 0.184 513.326 5666.833 62.083
7.453 0.180 52.493 566.200 6.203
MALDI-MS spectrum of crude reaction mixture 16k
3 2380.718
4 mass calc. = 3558.6
s
= mass found = n.d.
30004
2000+
1000
2177.670
3198.824
| Loy
1500 2000 2500 3000 3500 4000 4500
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DNA conjugate 16l: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 3,4-dimethoxyaniline 12|
and Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16l (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP129CRF.D)
mAU o~ o

E '51
160 o o N
 NVA S It ||
120*; 10mer ATGC N ‘
1001 \ ‘
1 f
80 o || If
60 |l
] \ 1
40 R g,‘
20 Yl \
1 n* R AN
04 S —— —_— t——— o~
— -
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time wWidth min Height Area Area %
6.386 0.122 75.789 554.931 29.066
7.070 0.128 176.746 1354.286 70.934
HPLC trace of isolated product 161 (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP129-P.D)
mAU 73 ©
] Sl
160 P_H
140
1204 ||
1004 ‘
80 ‘
60 ||
40 | ‘,
] |
20 [
o+ . A ,
1 T T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.018 0.134 171.713 1376.149 100.000
MALDI-MS spectrum of isolated product 16l
E 1500 3563.670
% ] masscalc. = 3562.6
£ mass found = 3564.0
1250
1000
7504
1783.148
5004
250
MMW—-* s MULWJ P : -
o
15‘00 ' ZDIDE ' ' 25‘0[! ' ‘ ' SDIE:I ' ' ' ' SEIEE ' ' 4EIE:I ' ' 45‘33 ' Im.fz

S164



DNA conjugate 16m: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 2,3-dimethoxyaniline 12m
and Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16m (Analytical RP-HPLC, Method-II)

MWD B, Sig=254,16 Ref=360,100 (MARCO\MP261CRF D)
mAU ° O
400 -
B WO%NKO (;\[WO ®
350 H | ©
31  10mer ATGC N |
004 ] i
2503 \|
i 0 |
2004 ‘ w
] \ ‘ <
150 A | ~
] | | ‘ I
100] Il |,1 i
50
0 - — I —
T T T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.481 0.139 320.999 2678.918 72.586
7.465 0.131 128.412 1011.742 27.414
HPLC trace of isolated product 16m (Analytical RP-HPLC, Method-II)
MWD B, Sig=254,16 Ref=360,100 (MARCOWMP261-P.D)
mAU ] 2
1 mn
80 ||
|
40 (
[
b |
20 I
1 [
o] o I T R
T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.359 0.151 104.883 1138.079 100.000
MALDI-MS spectrum of isolated product 16m
i | 3563.809
s | mass calc. = 3562.6
-]
E2s4 mass found = 3563.8
1000
750
1783.406
500
250
JJ
——— —————T——T—T—T—T—— ——T——T—T———
1500 2000 2500 3000 3500 4000 4500 .
miz
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DNA conjugate 16n: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with methyl 3-aminobenzoate
12n and Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 16n (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP210-CR.D)
mAU 7
250 o
1 o
] WOQNJJ\/
200? 10mer ATGC N
150
] o
100
50 I
] il
i
s S IR,V e~ .
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.398 0.104 255.696 1598.996 36.137
6.564 0.167 281.222 2825.759 63.863

HPLC trace of isolated product 16n (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\WP210-PK.D)
mAU E 2
] g
20 ‘
15 ||
10 | ‘
1 \
] H
5 [
1 [\
/ e
0] - D A N, NS \'-r-,‘_, —
- —————— |
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.493 0.137 22.085 217.159 100.000

MALDI-MS spectrum of isolated product 16n

3545.405

1zi0  mass calc. = 3560.5
= 3546.5 (ester cleavage)
mass found = 3545.4

Intens. fa.u

1000 4

a0

1773.828

800+

400

200

T —T — T T — T T T
1500 2000 2500 3000 3500 4000
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DNA conjugate 160: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 3-ethynylaniline 120 and
Danishefsky's diene 13 according to RP-07.

HPLC trace of crude reaction mixture 160 (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP211-CR.D)
mAU 1 = g
b o ~ Ef‘
250
p o
] Wok\kuﬂv |
20p-  10mer ATGC N < | |
] ] > \
] @ ‘
150 | | || ‘
] [ —
100 \| i
] Vi
| \V |
50: ITA | A
] Y ] g {
o4 - - I V) —
1 T T T T T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.414 0.137 154.339 1266.593 30.344
7.571 0.171 283.191 2907.571 69.656

HPLC trace of isolated product 160 (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP211-P.D)
mAU ]
120
100
80
60
40
20
0_:7,.,___,__, — —— N — .
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.563 0.160 127.921 1229.832 100.000
MALDI-MS spectrum of isolated product 160
P mass calc. = 3526.5
2
E mass found = 3527.2
1500
1000
500
W i L e "
3_| T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 2000 3500 4000 4500 .
miz
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DNA conjugate 16p: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 3-(2H-tetrazol-5-yl)aniline
12p and Danishefsky's diene 13 according to RP-07 (Dimethyl sulfoxide was used instead of acetonitrile).

HPLC trace of crude reaction mixture 16p (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP212-CR.D)
mAU ] —NH o
E! N 8
600 ] o | N ‘D‘
El o
] W\O’G%N)k/ ‘
5004 H
1 10mer ATGC N |
400 |
3004 o ‘
2004 |‘
100 |
0 i N _
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.391 0.147 351.703 3094.281 36.587
6.662 0.118 755.913 5362.938 63.413

HPLC trace of isolated product 16p (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP212-PK.D)

mAU 1 éf
100 ol

|
|
40—2
205 I

N S,

2 4 6 8 10 12 mil

Peak list:

Ret. Time Width min Height Area Area %

;:Lann:u— 2570561
P mass calc. = 3570.6
g mass found = 3570.6

25004

1788214

20001

1500

1000

500+

T T T
1500 2000
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DNA conjugate 16q: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with pyridin-4-amine 12q and
Danishefsky's diene 13 according to RP-07 (Dimethyl sulfoxide was used instead of acetonitrile).

HPLC trace of crude reaction mixture 16q (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP130CRB D)
m?%l[J) 2 \ ' g
oo S
600 H
10mer ATGC N |
500 C ‘
400 8 ‘|
o |
300 8 |
w |
200 I | ~
M) 2
100 MU ~
AV N I\
04— PR | S — —
I T T T T T T
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.582 0.207 215.698 3966.932 37.123
6.109 0.145 737.833 6401.872 59.910
7.997 0.096 54.891 317.055 2.967
MALDI-MS spectrum of crude reaction mixture 16q
E‘mca— 3350.310
4 mass calc. = 3503.5
-]
E mass found = n.d.
3000
20004
1000
3238.280
:'_I T T T T T T T T T T T T T T
1500 2000

T T T T T T T T T T T
2500 3000 4000 4500

$169



DNA conjugate 16r: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with propylamine 12r and
Danishefsky's diene 13 according to RP-07 (1000 equiv. of amine were used, 100 equiv. of Yb(OTf)s were used instead
of 50 equiv. of ZnCly).

HPLC trace of crude reaction mixture 16r (Analytical RP-HPLC, Method-11)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\WP134-A.D)
mAU o ©
b ©
] /M\/O o Nﬂ
250 W\O’%u ol ‘°||
1 1omer ATGC | |
200 H |
150
1004
50
o I
R T T e T T R
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.261 0.147 271.945 2389.725 44 .316
6.763 0.176 285.646 3015.307 55.684

HPLC trace of isolated product 16r (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP134A-P.D)
mAU ] §I
80 <
60 ||
40 | ‘
|
] [
20 /
04
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.929 0.197 89.020 1053.850 100.000

MALDI-MS spectrum of isolated product 16r

i 3460.045
p mass calc. = 3468.5
£0] mass found = 3469.1
8004
800 -
4004
1736.140
2004
:'_II T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500
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Table S7 Optimization of ZnCl>-mediated aza-Diels-Alder reaction with benzaldehyde 18a and

Danishefsky's diene 13 on CPG-coupled 10mer ATGC oligonucleotide-aniline conjugate 17.
TMSO

o 13 W“H)K@
N
H *
NH

10mer ATGC 18a 19a (e}

17

Entry Reaction conditions® MALDI MS spectra of crude reaction mixtures®

2318874

1 1. 500 equiv. 18a
ACN/TEOF (2:1), 4 h, 1t

Intens, fa.u.]

100 equiv. ZnCl2 ]
ACN, 1 h, rt
3. AMA, 4 h, rt

=> conversion: traces s00-|

200

3472488

J bl
o

mass calc. = 3472.5
2. 1000 equiv. 13 mass found = 3472.5

L e e e e . s e e e e L B e e e
1500 2000 2500 3000 3500 4000 4500

2 1. 1500 equiv. 18a
THF/TEOF (2:1), 4 h, it

3508.345

100 equiv. ZnCl,
THF, 1 h, rt
3. AMA, 4 h, rt

=> conversion: ~ 60%

3320 820

2772488

W LA

mass calc. = 3472.5
2. 1000 equiv. 13 mass found = 3508.3

T T T T
18] 2000 2500 3000 3500 4000 4500

miz

3470.929

3 1. 1500 equiv. 18a
THF/TEOF (2:1), 4 h, 1t
2. 1000 equiv. 13 10001
100 equiv. ZnCl;
THF, 1 h, 1t | st
3. aq. 30% NHs, 6 h, 50 °C s00]

Intens. [a.u.]

=> conversion: ~ 60%

600

400

1730.79 2170726
1856.956

il A

mass calc. = 3472.5
mass found = 3470.9

1500 2000 2500 3000 3500 4000 4500

miz

& Condensation of CPG-coupled 10mer ATGC-aniline conjugate 17 (20 nmol) with benzaldehyde 18a (X equiv.) in 36 pL of indicated

solvent/triethyl orthoformate (2:1) at ambient temperature for 4 h, then ZnCl2 (100 equiv.) suspended in 30 pL of indicated solvent and

Danishefsky's diene 13 (1000 equiv.) were added, the reaction mixture was shaken at ambient temperature for 1 h. » Changed
parameters are in bold and italic. ¢ Measured by MALDI-MS. 10mer ATGC = 5-GTC ATG ATC T-3'. n.d. = not detected. TEOF =

triethyl orthoformate.
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Table S8 — Scope of ZnClz-mediated aza-Diels-Alder reaction with Danishefsky's diene on CPG-coupled
10mer ATGC oligonucleotide-aniline conjugate using different aldehydes.?

1. THF/TEOF 2:1
rt, 4 h
2. TMSO
\ O/ o
o) 13 -
@ N ‘"o NOA RS
H 100 equiv. ZnCl, 10mer ATGC NTX
10mer ATGC NH, 18 THE. it 1 h X
17 3.aq. NH3, 50°C, 6 h 19a-q R e}
: MassScalc.
0/1b
Entry Product Aldehyde Conversion [%] MaSSrn
O\
< > 3472.5
' 1o 18 62 3473.3
a
O
Br 3551.4
’ 1o 18b 60 3552.4
Br
A 3551.4
° 190 64 3552.5
18c
Br
A 3551.4
’ 1o 56 3551.3
18d
o
N\ < > /
o 3502.5
° 1oe 18 58 3502.8
e
07
QA 3502.5
° o n 3503.2
18f
/
o
? 3502.5
189
O
F 3490.5
° ton 18h 58 3491.7
O
i 3486.5
° 1o - 57 3488.4
18i
O
j 3528.6
w0 ) : 50 3529.0
18]
QA
18k 3549.0
A\ O 3522.5
12 19 - 60 Soor
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0 7
\ J 3516.5
13 19m @ 48 e

18m
(0] N
7\
14 191 O s 75
18n '
(0]
N\ 7 O
15 190 - 56 34624
180 '
O\
16 190 =, 34 4785
18p
O\
17 19 — 18 24370
18q

& Condensation of CPG-coupled oligonucleotide conjugate 17 (20 nmol) with aldehyde 18 (1500 equiv., 30 pmol) in 36 pL
tetrahydrofuran/triethyl orthoformate (2:1) at ambient temperature for 4 h, then addition of ZnCl> (100 equiv., 2 pmol) dissolved in 30
uL tetrahydrofuran and Danishefsky’s diene 15 (1000 equiv., 20 pumol) at ambient temperature for 1 h. DNA cleavage with 30 %
aqueous ammonia at 50 °C for 6 h. ® Determined by analytical RP-HPLC analysis. ¢ Measured by MALDI-MS. 10mer ATGC = 5-GTC
ATG ATC T-3'. n.d. = not detected.
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Products of aza-Diels-Alder reaction with Danishefsky's diene on CPG-coupled 10mer
ATGC oligonucleotide-aniline conjugate

DNA conjugate 19a: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with benzaldehyde 18a and
Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19a (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MPWSBCRZD
mAU 2
] o gn
175 m’ m”
150— 10mer ATGC ‘
1257
100i
75—2
50
25 q
f pd
o — — —
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.128 0.101 163.317 993.368 37.589
6.444 0.1l4e 188.069 1649.351 62.411

HPLC trace of isolated product 19a (Analytical RP-HPLC, Method-I11)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\WP138-P.D)
mAU ] ©°
] mf|
50 (QH
40 ‘I
1 \
30 ||
1 \
i
10 \l \
E — o e - SRR AU
E I‘I\I‘
104 !
é ilt é é 1IO 1|2 mi
Peak list
Ret. Time Width min Height Area Area %
6.816 0.164 54.110 632.311 100.000
MALDI-MS spectrum of isolated product 19a
P mass calc. = 3472.5
5 1000
£ mass found = 3473.3
an0
600
1738.085
400
2004
1500 2000 2500 3000 3500 4000 4500 miz
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DNA conjugate 19b: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with 4-bromobenzaldehyde 18b
and Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19b (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP133-AL.D)
mAU ] Br
80
3 o
703
] ‘?;/"\kj'\\o4A%N
604 H
3 10mer ATGC N
50*E ~
40
303
20
104
1 e S —— -
T T T T T T T
4 6 8 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
5.841 0.113 84.160 571.159 39.796
7.705 0.173 83.182 864 .044 60.204

HPLC trace of isolated product 19b (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP139-P.D)
mAU 1 gl
60 ,._—I‘
50 ‘|
40 |\
20 |
1 | |
20 |
] \ |‘
] I
10 /o
04 — e Y | U —
T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.875 0.177 62.652 664 .216 100.000
MALDI-MS spectrum of isolated product 19b
4 mass calc. = 3551.4
Z mass found = 3552.4
800
800
400
1777.512
2004
3J| T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
1500 2000 2500 3000 3500 4000 4500
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DNA conjugate 19c: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with 3-bromobenzaldehyde 18c
and Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19c (Analytical RP-HPLC, Method-11)

MWD B, Sig=254,16 Ref=360,100 (MARCOWIP143-AL D)
mAU 3 o Br b o
] @ (Qn
704 WOJ@%” “ h||
50 10mer ATGC N H ‘
SOE XXg ||‘|| “
404
30
204
103
04 e —_—
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.833 0.117 68.815 484 .264 35.791
7.695 0.183 79.125 868.751 64.209
HPLC trace of isolated product 19¢ (Analytical RP-HPLC, Method-I1)
MWD B, Sig=254,16 Ref=360,100 (MARCOWMP143-PN D)
mAU ] g'
4 M~
100 h_‘l
80 |‘
60 ‘|
] |
407_ ‘ |
] I
20 [
] /‘ I"\
il . S _ - U, S I S N
i — v
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.708 0.177 108.018 1146.097 100.000
MALDI-MS spectrum of isolated product 19c
4 mass calc. = 3551.4
H
E mass found = 3552.5
a0+
600
4004
1777.780
2004
:J| T T T T T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500 miz
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DNA conjugate 19d: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with 2-bromobenzaldehyde 18d
and Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19d (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP144-AL.D)

mAU o o El
120 Wo’@” Br ‘”‘
] 10mer ATGC A ‘
100 N
S ¢]

80

so—f
40
20
0l e B
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.773 0.103 136.557 840.018 43.548
7.444 0.210 86.380 1088.924 56.452
HPLC trace of isolated product 19d (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP144-P D)
mAU 3 &
] af
] ~
120 U
100 ||
80 “l
60 | |
] |
40—: ‘ “.
20 _3' "k,
O S S e
1 T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.622 0.185 137.808 1527.506 100.000
MALDI-MS spectrum of isolated product 19d
i 1 3551267
a mass calc. = 3551.4
z mass found = 3551.3
2000
1500 +
1000 H
500
1777.313
1 PR JM'".' Ly, Ll T v | i
o
15IDD T T T T ZUIDE T T T T 25'0[} T T T 3DIE:| T T T T 35'[”: T T T T 4|:I|::| T T 45'33 T Irm.z
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DNA conjugate 19e: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with 4-methoxybenzaldehyde 18e
and Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19e (Analytical RP-HPLC, Method-11)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP148-CR.D)
mAU ] ~ 3
] o El 3
100 o | g
80 WO’%N)K@
1 10mer ATGC N
60—
] S o
40
20 N
] |
] N
S S N R
T T T T T T T T T T T T T T T T T T T T T T
4 6 8 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
5.784 0.111 109.344 725.500 41.666
7.064 0.194 87.057 1015.736 58.334

HPLC trace of isolated product 19e (Analytical RP-HPLC, Method-I1)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP148-P.D)
mAU g
&
~
70 H
60 |
50 “
40 |
30 ‘| |
|
20 | ‘I‘
10 )
0 i B o S A _,,\,_44/.—\"—,,_,__7 Y | W——
0 2 4 6 B 10 2 mi
Peak list:
Ret. Time Width min Height Area Area %
7.258 0.162 78.696 763.349 100.000
MALDI-MS spectrum of isolated product 19e
i 3502.780
¥ mass calc. = 3502.5
2 mass found = 3502.8
3000
20004
752.953
1000+
J_MLJ A T s i Mh. N

T T T T T LI T T T T T
2500 3000 3500 4000 4500
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DNA conjugate 19f: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with 3-methoxybenzaldehyde 18f
and Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19f (Analytical RP-HPLC, Method-11)

MWDT B, Sig=254,16 Ref=360,100 (MARCOWP149-AL D)
mAU ] o
160 3 c‘) 8
: 2 "‘”
140*: Woﬁujﬁ\ ‘
1203
; 10mer ATGC N E ‘
100 ~
5 e s |
80 il
] I‘ |‘ ‘
60 | |
1 ,,F||| \
404 i . | 1y
] N [\l
20 k_,,wu o
0{7 S — R — —
T T T T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.754 0.111 83.312 555.542 28.989
7.000 0.136 166.735 1360.813 71.011
HPLC trace of isolated product 19f (Analytical RP-HPLC, Method-I1)
MWD B, Sig=254,16 Ref=360,100 (MARCOWMP149-F D)
mAU 1 &
b Q“
] M~
120 “
100 H
80 |
60 ‘ ‘
40 |
1 [
4 [
209 /\
0_:7#_ I - e N ]
] T T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.026 0.155 142.647 1325.466 100.000
MALDI-MS spectrum of isolated product 19f
4 mass calc. = 3502.5
H
=007 mass found = 3503.2
1500
1000 H
500 ‘?53:219
1500 2000 2500 3000 3500 4000 4500 .
miz
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DNA conjugate 19g: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with 2-methoxybenzaldehyde 18g
and Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 199 (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWP150-AL D)
mAU_E 1) E §’|
140 WO’%H o B r-.H
120{ 10mer ATGC N ‘l |
100 XNo I | |‘
80
60
40
20
o — _—
T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.744 0.108 120.706 845.267 35.788
7.154 0.164 154.065 1516.604 64.212
HPLC trace of isolated product 19g (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP150-PN D)
mAU o
1 <t|‘
] ~i
20 “
159 |‘
1 |
h |
10 \I
] I
5 [
] N
i U U J T R [ U
0 S| - —
T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.405 0.201 23.642 285.662 100.000
MALDI-MS spectrum of isolated product 19g
i“m 3502.211
4 mass calc. = 3502.5
£ mass found = 3503.2
1.0
0.8
0.6
0.4+
17563.348
024
) I " ___J.Jw .
I::j_l T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500 .
miz
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DNA conjugate 19h: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with 4-fluorobenzaldehyde 18h and

Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19h (Analytical RP-HPLC, Method-II)

MWDT B, Sig=254,16 Ref=360,100 (MARCOWP146-AL D)
mAU 7 F g
1 00,1 ]
] o m‘ 0
120 g
1003 1omer aTcC e ‘ l
80 1
p NS0 H‘ “
(o
] A !
409 TR AR ‘ |
] v I ||
] | \ |
207 J \ J
] T .
04— R — \T B e — N
T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.802 0.100 141.245 847.449 41.605
7.159 0.180 110.390 1189.461 58.395
HPLC trace of isolated product 19h (Analytical RP-HPLC, Method-II)
MWD B, Sig=254,16 Ref=360,100 (MARCOWP146-FPF D)
mAU | I
] ©
] h\‘
80+ |
60 H
40 ||
[
20 | I‘.
] [ . /o
0ol N N N . ]
1 T T T T T T T T T T T T T T T T
2 4 6 8 10 12 mii
Peak list:
Ret. Time Width min Height Area Area %
7.320 0.145 94.654 824.639 100.000
MALDI-MS spectrum of isolated product 19h
3 2401 854
4 ecoy  Mmass calc. = 3490.5
3
E mass found = 3491.7
500 -
400
300
1747 470
2004
100
o T T T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 2500 4000 4500
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DNA conjugate 19i: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with 4-methylbenzaldehyde 18i and

Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19i (Analytical RP-HPLC, Method-II)

MWD B, Sig=254,16 Ref=360,100 (WARCOWP145CR1 D)
mAU ] 2 o
100 o §|| g
4 ~
f 1
7 10mer ATGC |
] N 1 | “
60 NN |\|| |
40E “ | I
1 .‘." {| |, ‘ |
] WY |
] N |.I ) [
204 | \ I\‘u P
| - U
0+ ————— v u""— — — S — B
T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.449 0.110 104.130 688.043 43.079
7.363 0.177 85.811 909.125 56.921
HPLC trace of isolated product 19i (Analytical RP-HPLC, Method-II)
MWD B, Sig=254,16 Ref=360,100 (MARCOWMP145-F D)
mAU 1 |
i N‘
] ~
40 ||
30
204
10
04— e NS e . _ - A
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.294 0.173 45.899 564.514 100.000
MALDI-MS spectrum of isolated product 19i
4 mass calc. = 3486.5
H
E mass found = 3488.4
2500
2000
1500 -
1745.961
1000
500
e " .L.. Juh:_.a L
o
15‘00 ' ' ZDIDE ' ' ' 25‘0[! ' ‘ ' SDIEZI ' ' ' SEIEE ' ' 4EIE:| ' 45‘33 ' Im.l'z
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DNA conjugate 19j: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with 4-tert-butylbenzaldehyde 18j
and Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19j (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWPT40CRA D)
mALU =
3
200 ‘”|
o]
175 | ‘
Woﬁw)m | ‘ 2
150 H Q
10mer ATGC 8 || @
125 N i
N M il
100 o
Il |
75 i | [
i VA |l
50 | i !
R . I
25 w \ oA | A
0 . o _ o ;/\J‘ \/\-—_/\‘I "\ S — V“ \L‘_ — _ o
i T T T T T T T T
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.811 0.111 225.544 1505.354 49.837
8.609 0.196 128.977 1515.207 50.163
HPLC trace of isolated product 19j (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP140-F D)
mAU ﬁr
o/
35 |
30 |
25 “
‘ |
20 |
| |
15 |
[
10 [
[
5 [
0 . I L S N S | U
i T T T T T T T T T
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
8.629 0.210 38.134 480,948 100.000
MALDI-MS spectrum of isolated product 19j
i'“:" 3528.070
4 mass calc. = 3528.6
2
E mass found = 3529.0
800
600+
1788421
400
2004
1500 2000 2500 3000 2500 4000 4500 .
miz
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DNA conjugate 19k: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with 4-phenylbenzaldehyde 18k
and Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19k (Analytical RP-HPLC, Method-11)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP142-AL.D)

mAU ] o ]
| . |
404 Py ®|‘
E o l'i: ‘”‘ |
304 WOHN || ‘
] g i
] 10mer ATGC N | |||
\ I
°
| \ "ﬂl

20

(I
U

10 |
0 e
-——— Y1 —————+—1———————
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.818 0.125 40.785 305.138 35.237
8.362 0.208 44 .986 560.832 64.763

HPLC trace of isolated product 19k (Analytical RP-HPLC, Method-I1)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP142-PF.D)
mAU ] ]
4 (\ll‘
oa“
80+ ||
60 “
] |
] |
4 ||‘I
20 [
] |\
0l e e S N —
R T T T T ™
Peak list:
Ret. Time Width min Height Area Area %
8.282 0.156 99.102 1055.324 100.000
MALDI-MS spectrum of isolated product 19k
i 1 3548.047
P mass calc. = 3548.6
B nen
£ mass found = 3549.0
1000
750 -
500
1776.279
250+
1500 2000 2500 3000 3500 4000 4500
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DNA conjugate 19I: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with 2-Naphthaldehyde 18| and
Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19l (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP147-AL D)
mAU 2 @
1 ~ ©
] ° m| r-||
200 ‘ |
IS oy | |
150_: 10mer ATGC i‘ ‘ |
I \
] I| ‘|
100 | H
] m [
] iy \
50 F 1
] ) N
] ANTEEAN
A LN / .
0 _— —_— VT | — . —
T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.788 0.113 240.849 1630.942 40.280
7.656 0.183 220.402 2418.100 59.720
HPLC trace of isolated product 191 (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP147-F D)
mALU 3 g|
- »
] r“”
1759 \
1503 ||
125 \‘
100 | |
753 \ |
503 ‘l \
253 | I‘-‘I
0 ) e SN e
T 6 B 10 2 mi
Peak list:
Ret. Time Width min Height Area Area %
7.908 0.167 204.996 2055.109 100.000
MALDI-MS spectrum of isolated product 19l
i 3524 058
41001 mass calc. = 3522.5
2
E mass found = 3524.1
a0+
600
4004
1763.426
2004
1500 2000 2500 3000 3500 4000 4500 miz
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DNA conjugate 19m: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with piperonyl aldehyde 18m and
Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19m (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP270-CR.D)
mAU ] 0\ 2
1 o @f
4 o nn|
07 NS oty |
] 10mer ATGC N | ‘ by
60+ | @
1 N | ©
] ° I
40
20
0l I _/-‘J'.‘"' B A
T T T T T T T
2 4 6 8 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
5.689 0.107 99.124 638.691 52.502
6.813 0.187 51.512 577.815 47.498
HPLC trace of isolated product 19m (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP270-P.D)
mAU gl
~
: |
15 |‘
] |
104 ‘ |
] |
1 [ |
53 " I\
1 ."I‘m ) / \_ - ;'“‘k o~
04— B A A = S —
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.102 0.163 22.801 272.139 100.000
MALDI-MS spectrum of isolated product 19m
i 4 3518.818
s | masscalc. = 3516.5
2
E mass found = 3518.6
1500
1000 4
1760.624
500
JJI T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000

T T T T T
3500 4000
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DNA conjugate 19n: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with 2-pyridinecarbox-aldehyde
18n and Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19n (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP265-CR.D)
mAU 3 ° gl
1754 WO’@;} ©
15[)_5 10mer ATGC “
F 1
125 i ‘
100 \|| g
] | “ =
753 ‘H <
50| !
] Pl
25 / Y 7
] wJ \, i
e I Al ~J_ ,"\.\_, o . o
] T T T T T T T T
4 6 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
5.725 0.106 202.771 1295.430 61.531
6.349 0.183 73.610 809.890 38.469

HPLC trace of isolated product 19n (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP265-P.D)
mAU ©Q
wn
80 u)”
70
60
50
40
30
20
10
e —
0l D e Y
i T T T T T T
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.585 0.133 85.834 684.034 100.000
MALDI-MS spectrum of isolated product 19n
400 Mass calc. = 3473.5
2
E mass found = 3474.8
1000
ano
600+
17308.058
4004
200
a T T T T T T T T T T T T T T T T T T T T T T T T 1
1500 2000 2500 3000 3500 4000 4500 .
iz
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DNA conjugate 190: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with 3-furancarboxaldehyde 180
and Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 190 (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (WARCO\MP266-CR D)
mAU 3 o
IV aVa S
120 H
7 10mer ATGC
1004
80
60
404
204
] N
4 / \\
0 P _ e S
T T T T T T T
2 4 5 8 10 12 m
Peak list:
Ret. Time Width min Height Area Area %
5.927 0.113 143.131 972.186 44.381
5.843 0.157 129.107 1218.370 55.619

HPLC trace of isolated product 190 (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP266-PN.D)
mAU 3
4 |
; “
40 ‘
30 ||
|
] I
104 | \
o] P . S | S —
T T T T T T T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 m
Peak list:
Ret. Time Width min Height Area Area %
6.783 0.137 47.908 392.414 100.000
MALDI-MS spectrum of isolated product 190
41200{ Mmass calc. = 3462.4
2
E mass found = 3464.1
1000
800+
800+
4004 1733.480
200+
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500
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DNA conjugate 19p: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with cyclohexanecarbox-aldehyde
18p and Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19p (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP269CRAD
mAU_Z l
3 [
175— o’H\ )k©\
1505 10mer ATGC
125—
100— o
] ” | S
753 ,‘u| =
f I A
50 W, i
z i .l
259 / h‘ Ny
k| Y A
E e A —
—— 17— T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.746 0.108 203.173 1326.133 65.765
7.700 0.189 60.841 690.349 34.235

HPLC trace of isolated product 19p (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP269-PN.D)
mAU - ml
] A
1 ~
40 |‘
0 I
| |
20+ |
] [
1 I
107_ [\
{ [ e e
o] . JEVAN | S Y | W
T T T T T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.825 0.213 46.0689 590.128 100.000
MALDI-MS spectrum of isolated product 19p
P mass calc. = 3478.5
2
E mass found = 3478.5
3000
2000
1000
1741.320
e, oau L
:l-ll T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500
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DNA conjugate 19q: CPG-coupled 10mer ATGC-aniline conjugate 17 was reacted with isobutyraldehyde 18q and
Danishefsky's diene 13 according to RP-08.

HPLC trace of crude reaction mixture 19q (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP141-AL.D)
mAU ] 0 b
] k-]
o] NS oy 2|
1403 1omer ATGC e ‘
1203 ~ ‘
3] ¢]
100 ‘
1 |
80 "I‘
60 |“|f <
] i S
409 R [
] W \ ©
20 SN AR
03 P - v e A A A
—— T pa pa —
Peak list:
Ret. Time Width min Height Area Area %
5.811 0.102 178.303 1095.891 81.668
6.924 0.169 24 .237 245.991 18.332
MALDI-MS spectrum of isolated product 19q
P mass calc. = 3438.5
2 4
£ 307 mass found = 3437.0 + 3313.1 (SM)
2504
200
1504
1004
3438.937
50 1
1500 2000 2500 3000 3500 4000 4500 .
miz
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(R)-(-)-BNDHP-mediated Povarov reaction on CPG-coupled oligonucleotides

Table S9 Optimization of (R)-(-)-BNDHP-mediated Povarov reaction CPG-coupled hexT-aldehyde

conjugate.?

o

NH, 20
(]
@ \ \ %NHJK/ +
G Z eq. Cat., solvent, 50°C, 18 h
hexT 0

20 nmol
1"

1. solvent/TEOF 2:1,rt,4 h

2. =
DN*BOC Y eq.

3.AMA, rt., 0.5h
Xeq.
12a

Entry Reaction conditions®

HPLC trace of crude reaction mixture®

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~3\0OPTIMI~1\MP058_N1.D)
mAU §
300 m”
250 H
1 hexT-aldehyde conjugate 11 fzz \
1004 E l‘
503 mw.‘g
ol ~NA . D
2 4 6 8 10 12 mir
MWD B, Sig=254,16 Ref=360,100 (SNAPSHOT.D)
mAU gr‘
:
. . . 30 gﬂ “
> hexT-tetrahydroquinoline conjugate (.
21 it
|
i ) Y L v S
5 T 1 1 b B m
3 1. 500 eqUIV. 12a N MWD1 B, Sig=254,16 Ref:3E0.1DO(MARCO\MARC07~3\OPT‘I:/II'—1'\MFO77A72.D)
CH,Cl/TEOF (2:1), 4 h, rt 1 g
2. 500 equiv. 20 \‘ )
50 equiv. Yb(OTf)3 e ‘ g
CH,Cl,, 18 h, rt “ ‘\ lﬁ
|
=> conversion 42 % o H I
N . EIVLY ' WYY,V A
5 5 1 1 T b m
4 1. 500 eqUIV. 12a A MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~3\0PTIMI~1\MPO77A-1.D) .
THF/TEOF (2:1), 4 h, 1t 8 3
2. 500 equiv. 20 y |
50 equiv. Yb(OTf)s ol ‘\ ‘\
THF, 18 h, 50 °C o “ ‘\
|
=> conversion 63 % TZ \\ f
S Y.V Ya VU, 1 I | SRS
p H 1 1 % o -
5 1. 500 eqUiV. 12a - MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~3\0PTIMI~-1\MPO77C-1.D) -
THF/TEOF (2:1), 4 h, 1t E
2. 500 equiv. 20 “‘
50 equiv. (R)-(-)-BNDHP A
THF, 18 h, 50 °C |
100 e ‘ “.
=> conversion 82 % 50 m‘w I\
0d Yo ) A \\q B I
5 T 1 1 B B m




10

11

12

1. 500 equiv. 12a
THF/TEOF (2:1), 4 h, 1t

2. 500 equiv. 20
100 equiv. (R)-(-)-BNDHP A
THF, 18 h, 50 °C

=> conversion 94 %

1. 500 equiv. 12a
THF/TEOF (2:1), 4 h, rt
2. 500 equiv. 20
THF, 18 h, 50 °C

=> conversion 34 %

1. 1000 equiv. 12a
THF/TEOF (2:1), 4 h, rt

2. 500 equiv. 20
50 equiv. (R)-(-)-BNDHP A
THF, 18 h, 50 °C

=> conversion 55 %

1. 2000 equiv. 12a
THF/TEOF (2:1),4 h, rt

2. 500 equiv. 20
50 equiv. (R)-(-)-BNDHP A
THF, 18 h, 50 °C

=> conversion 11 %

1. 4000 equiv. 12a
THF/TEOF (2:1), 4 h, rt

2. 500 equiv. 20
50 equiv. (R)-(-)-BNDHP A
THF, 18 h, 50 °C

=> conversion 7 %

1. 500 equiv. 12a
THF/TEOF (2:1), 4 h, 1t

2. 1000 equiv. 20
50 equiv. (R)-(-)-BNDHP A
THF, 18 h, 50 °C

=> conversion 63 %

1. 500 equiv. 12a
THF/TEOF (2:1), 4 h, 1t

2. 2000 equiv. 20
50 equiv. (R)-(-)-BNDHP A
THF, 18 h, 50 °C

=> conversion 67 %

0d—

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MPQ077B-2.D)

_ e Y

T T T T
2 4 6 8

12 mil

01—

|
209 7 m‘ \ \‘ \
V.Y VAV () VA W VAV

MWD1 B, Sig=254,16 Ref=360,100 (SNAPSHOT.D)

T T T T
2 4 6 8

MWD B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~3\OPTIMI~1\MP077C-2.D)

Ao AN
o4 MmN Y ”A‘ B N

T T T T
2 4 6 8

10

12 mir

MWD B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~3\OPTIMI~1\MP077C-4.D)
©

=
3004 QH

12 mil

400

300

2004

100

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~3\OPTIMI~1\MP077C-3.D)

3

1 o AN 1% N

AN

T T T T
2 4 6 8

MWD B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~3\OPTIMI~1\MP077D-3.D)

=Y
El

o
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13 1 500 eqUIV 12a A MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~3\OPTIMI~1\MP077D-4 D) .
THF/TEOF (2:1), 4 h, rt 1 3
2. 4000 equiv. 20 20 |
50 equiv. (R)-(-)-BNDHP A I
THF, 18 h, 50 °C H
=> conversion 86 % 50: 3 l‘ \
S U PUUUN | GRS % I S
14 1 500 eqUIV 12a - MWD B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~3\OPTIMI~1\MPO77E-2.D) -
EtOH/TEOF (2:1), 4 h, rt &
2. 500 equiv. 20 o] “‘
50 equiv. (R)-(-)-BNDHP A 2503 |
EtOH, 18 h, 50 °C 200 |
150 ‘ ‘\I
=> conversion > 95 % 100 5 ‘ol b
(ES P\ A 3_\7»_4»/—'} N _ -
15 MWD1 B, 5\92254,216 Ref=360,100 (M:RCO\MARCO:B\;PTIMI'—1'\MF‘O77EV4BD) = = =
1. 500 equiv. 12a 4 2
DMF/TEOF (2:1), 4 h, rt ‘ "“
2. 500 equiv. 20 \ I
50 equiv. (R)-(-)-BNDHP A ‘\ |
DMF, 18 h, 50 °C ‘L‘ i,
40 | |
=> conversion 50 % 2&7 YL AN [J ]
17 MWD1B, 3\92254,%\6 Ref=360,100 (M:RCO\MARCO:E\;PO77B2B.D) : 2 z =
1. 500 equiv. 12a s a
THF/TEOF (2:1), 4 h, 1t °
2. 500 equiv. 20 o H
50 equiv. (R)-(-)-BNDHP A 150 ‘
THF, 18 h, 50 °C -
3.10% TFA, 4 h, 1t s
50 ‘\I H'\
NN N
=> conversion 82 % 0 B —— ”"""NV‘*TUU “""”"M"‘ """IJ”""'—'*"”” I
2 4 6 8 10 12 mir
18 mAu7MWD1 B, Sig=254,16 Ref=360,100 (SNAPSHOT D) o
200 5"
1754 ‘
. . . 1503 M
hexT-tetrahydroquinoline conjugate 125
22 IOD: %
50 I
254 hi

@ Condensation of CPG-coupled hexT conjugate 1la (20 nmol) with aniline 12a (X equiv.) in 36 pL of indicated solvent/triethyl
orthoformate (2:1) at ambient temperature for 4 h, then (R)-(-)-BNDHP A (X equiv.) dissolved in 30 pL of indicated solvent and
N-Boc-2,3-dihydro-1H-pyrrole 20 (X equiv.) were added, the reaction mixture was shaken at indicated temperature for 16 h. °

parameters that were changed are in bold and italic. ¢ Analytical RP-HPLC, Method-Ill. TEOF = triethyl orthoformate.
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Table S10 — Scope of (R)-(-)-BNDHP-mediated Povarov reaction on CPG-coupled 10mer ATGC
oligonucleotide-aldehyde conjugate.?

1. EtOH, TEOF 2:1,rt,4 h

2. =
N—Boc 20 500 eq.

50 eq. (R)-(-)-BNDHP 1
EtOH, 50°C, 18 h

o)
NH,
R X
@ AV AN %Nko + R
G H _X 3.75% TFA in DCM, 4x 30 sec.
10mer ATGC 0 4.AMA, rt, 4 h

15a-c 12 - 23a-w N

o
R1
(0]
W%Nk/
H

10mer ATGC

H

RZ

9eN

\

H

DNA-aldehyde . Conversion MassScac.
Entry Product conjugate Amine [%0]° MasSfound®
(o]
(o)
= 12a :
15a
o Br.
(o)
R T
15a 12i
Jo
(o)
3 23¢ @vo S > 95 35623
= 12h :
15a
(o]
o 3521.5
4 23d s \©v° HaN <:> F 84 3522.6 (Dial)
= 12e 3522.9 (Dia2)
15a
Jo
: )
3521.5
5 23e @vo F 90 3522.8
15a 12f
o F
(o)
15a 12g
(o]
sH o N cF, 3571.5
7 23g \©v° @ 83 3572.8
12s )
15a
Jo e Y
0 . 3547.6
8 23h @vo on 70 3548.2
15n 12t
(o]
(o)
9 23 s s el on 58 186
z 12u :
15a
(o]
(o)
= 12b :
15a
Jo Q
o H,N
11 23k \©v° 92 gggég
15a 12c
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%o
%

3531.6
12 23l 39 3530 7
15a 12d
Jo
O
3559.7
13 23m \©vo HoN <5 n.d.
15a 12k

O.
o
\

(UUR &
14 23n @vo 82 3563.5

3564.5

'_\
ol
o)
'_\
N~
3

o— 3561.7

S afad
(o) H,N [¢]
15 230 @vo 86 35630

15a 121
e H,N
(o)
s 3527.6
16 23p s \ 94 3527.9
15a 120
o HZNQ
(o)
s 3571.6
u 23q \©v° N >95 3573.3
15a 12p N
(o]
o ”2“@ 3533.6
18 23 @vo Ho & 3534.3
15a 12v
i )
19 235 %@0 25 3593.7
_o Q 3591.4
15a 12w
(o]
o 7D\
20 23t s \©v° NN <5 3?]031.5
~ 12 U.
15a .
(o]
N
(o) /‘\\
01 - S \©v° h— s 3?]03.5
15a 12x
(o]
o
22 23v ]@vo ) 93 a8
cl 12a ’
15b
o] Ox
s o
12a o

15c
@ Condensation of CPG-coupled oligonucleotide conjugate 15 (20 nmol) with aniline 12 (500 equiv., 10 umol) in 36 pL ethanol/triethyl

orthoformate (2:1) at ambient temperature for 4 h, then addition of (R)-(-)-BNDHP A (50 equiv., 1 umol) dissolved in 30 pL ethanol and
N-Boc-2,3-dihydro-1H-pyrrole 20 (500 equiv., 10 pmol) at 50 °C for 16 h. 75% TFA in dichloromethane 4x 30 seconds at ambient
temperature. DNA cleavage AMA (30 % agqueous ammonia / 40 % aqueous methylamine, 1:1 (vol/vol)) at ambient temperature for 4 h.
b Determined by analytical RP-HPLC analysis. ¢ Measured by MALDI-MS. 10mer ATGC = 5-GTC ATG ATC T-3'. n.d. = not detected.
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Products of Povarov reaction on CPG-coupled oligonucleotide-aldehyde conjugate

DNA conjugate 22: CPG-coupled hexT-aldehyde conjugate 11 was reacted with aniline 12a and N-Boc-2,3-dihydro-
1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 22 (Analytical RP-HPLC, Method-III)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~3\OPTIMI~1\MP077B2B.D)
mAU ] o >
250 @
N Aoy o “
200{ hexT . N I H
150
1 NH ‘
: |
100] 5|
] o
f o
50 |‘| i
] Al
B TR AN
o ) 7,_,,,_7_,,\_;»;"3\,J«f—v‘—‘xv,,,,,‘ RPN | U o]
1 T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 min|
Peak list:
Ret. Time Width min Height Area Area %
6.377 0.068 58.738 239.068 14.781
6.695 0.089 259.027 1378.315 85.219

HPLC trace of isolated product 22 (Analytical RP-HPLC, Method-IIl)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\WMARCO_~3'\OPTIMI~1\MP0O77BOP.D)
mAU 4 %,
] 00
2007 “’H
1753 “
150 |
1253
1005 ‘
|
50 | |
] I
25 I
04 o N I S
R T e e e R
0 2 4 6 8 10 12 min|
Peak list:
Ret. Time Width min Height Area Area %
6.862 0.123 222.063 1633.396 100.000

MALDI-MS spectrum of crude reaction mixture 22

5“’4_ 2950768
g .| masscalc. = 2248.7
b mass found = 2250.8
2
5
2100308
2350581
e
o - i Ll J\ 'U-rwu'l b‘llﬂ”\
woo %o ' =200 =280  ado =so0
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DNA conjugate 23a: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with aniline 12a and N-Boc-2,3-

dihydro-1H-pyrrole 20 according to

RP-09.

HPLC trace of crude reaction mixture 23a-Bocon (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP175-1 D)
mAU ] o 5
] L]
140 WOHE\N)J\/O oci‘|
q H
4203  10mer ATGC |\
100 “
80 ] H
60 | ‘ |
1 |
40 T 1
q KAR- . |I.‘1| \
20 | | AT
0] - IV A e 1. e
2 ‘ i T E B 10 ° mi
Peak list:
Ret. Time Width min Height Area Area %
5.937 0.127 15.722 119.679 7.863
8.137 0.155 150.913 1402.450 92.137
MALDI-MS spectrum of crude reaction mixture 23a-Bocon
i 3601.796
4 mass calc. = 3603.7
H
E mass found = 3601.8
1500
1000 H
2170.862
3356.887
3238.770
500 1858.760
3_|M lW . - "
T —— ——— —— T —
1500 2000 2500 3000 3500 4000 4500 miz

$197




HPLC trace of crude reaction mixture 23a (Analytical RP-HPLC, Method-11)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP175CRG.D)
mAU - o mr
] ~
] W\O’@uko o ‘°|‘
2000 10mer ATGC N O “
150 NH ||I\
i | U|
100 \' ‘
] L5
] it ~ | |
50 I @ \ i
] [t N\ i
) N N B N
T T T T T T T T T
2 4 6 8 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
6.497 0.125 43.055 321.870 g.172
6.790 0.208 255.855 3188.387 90.828
HPLC trace of isolated product 23a (Analytical RP-HPLC, Method-11)
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP175P1F.D)
mAU ]
175
1503
125—2
100;
754
503
25—f
PO DV _
7 T T T T T T
2 4 6 8 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
6.643 0.204 182.113 2225.986 100.000
MALDI-MS spectrum of isolated product 23a
3 2502788
4 mass calc. = 3503.5
Z mass found = 3502.8
1500
1000
500
U«JMU\\.M - . - .
o
1500 ' ' ' ' 23‘00 ' ' ' ' 25‘30 ‘ ‘ SEIJZI ' ' 35IEE ' 43‘0[! ' 45‘0[!
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DNA conjugate 23b: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 2-bromoaniline 12i and
N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23b (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP224CRF.D)
mAU o 9]
] wn
140 Woﬁuko O
120{ 10mer ATGC
100
80
60
40
20
o
—
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.519 0.112 155.924 1048.529 42,513
7.602 0.352 67.042 1417.842 57.487
HPLC trace of isolated product 23b (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP224-PA D)
mAU ] g"
A <,
f‘-' 1
] | |
40 i
4 ‘ |
] I
30+ [
] | |‘
1 [
20 [
] [
] o
10 [
1 ! /
T et S A
1 S AT — R —
T T T T T T T T
2 4 6 8 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
7.402 0.431 49.421 1277.357 100.000
MALDI-MS spectrum of isolated product 23b
s ®°7 mass calc. = 3582.4
g ]
£ mass found = 3583.4
500
4004
300
2004
1004
1500 2000 2500 3000 3500 4000 4500 .
miz
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DNA conjugate 23c: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 4-bromoaniline 12h and
N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23c (Analytical RP-HPLC, Method-11)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP223CRG.D)
mAU ] o
] o
1 Wo%)@
200  10mer ATGC
150
100
50
1 —
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.517 0.135 14.963 120.802 3.374
7.169 0.230 250.566 3459.788 96.626

HPLC trace of isolated product 23c (Analytical RP-HPLC, Method-I1)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP223-P.D)
mAU ‘}’,l
7 w
100 ||r-|‘
80 H ‘|
60 || ‘|‘
] \
40 | |‘
] [
20 | \
I Y | v B A Y | G
2 4 6 8 10 2 mi
Peak list:
Ret. Time Width min Height Area Area %
7.594 0.326 105.461 2063.898 100.000
MALDI-MS spectrum of isolated product 23c
i 3582.335
" mass calc. = 3582.4
2 mass found = 3582.3
1000
800
800
4004
2004
RPN TR T T 1Y AP}
1500 2000 2500 3000 3500 4000 4500
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DNA conjugate 23d: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 4-fluoroaniline 12e and
N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23d (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP227CRF.D)
mAU 3 o Q
fa| O. 00|
2003 \ S orbhy P
El H H
1753 10mer ATGC N |‘
1503 O
E F
125
100
75
503
251 i\
q _ A
0{4,_7_77_7 . — e — -
T T T T T T T
2 4 6 8 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
6.498 0.121 58.176 424 .096 15.897
6.823 0.176 210.615 2227.069 84.003

HPLC trace of isolated product 23d-dial (Analytical RP-HPLC, Method-Il)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP227-P1.D)
mAU - oS
] |
] o
100
80 ‘|
60 “
1 &
40 ‘%
] A
20 i1
1 A .\" .\.
) A — AN T e SRR AW
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.632 0.117 121.831 1014.094 69.760
6.892 0.211 26.848 439.587 30.240
MALDI-MS spectrum of isolated product 23d-dial
i 3522 621
P mass calc. = 3521.5
g
£ mass found = 3522.6
2000
1500
1000+
1762.745
500
1500 2000 2500 3000 3500 4000 4500
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HPLC trace of isolated product 23d-dia2 (Analytical RP-HPLC, Method-11)

MWD B, Sig=254,16 Ref=360,100 (MARCOWIP227-P2 D)
mAU 4 g
7] (=]
_ o
100 H
80 |
60 “
40 ‘|
1 \
20 ‘l \
1 Y
| .
01— R T e Y C—
T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
£.935 0.130 122.672 1140.619 100.000
MALDI-MS spectrum of isolated product 23d-dia2
E 3522043
5 .| masscalc. =3521.5
£ mass found = 3522.9
800
400
1762.438
2004
1500 2000 2500 3000 3500 4000 4500 .
miz

HPLC trace of isolated product 23d-dia2 after treatment with AMA (Analytical RP-HPLC, Method-I1)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP227P2A.D)
mAU %l
30 o
253
20
15
104
5
] A B R - 7FF\_,)
0] N
-—Y— Y —————— [ T
0 2 4 ] 8 10 12 min|
Peak list
Ret. Time Width min Height Area Area %
6.665 0.138 3.993 32.941 10.336
6.897 0.144 33.125 285.757 89.664
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DNA conjugate 23e: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 3-fluoroaniline 12f and
N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23e (Analytical RP-HPLC, Method-11)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP237CRF.D) o)
AU ]
e AVAV R W
1204 6N "
] 10mer ATGC N F
100 |r‘ + O
80{ ‘| o NH
] 0.
60 ‘ Woﬁu‘)l\/ "
] ||‘ 10mer ATGC N
40 ([ f O
] |\ I
] W f|
20 A I NH F
] N v I\
0_ — A~ _JI“\I —~ N e e ——— - A N —]
T T T T T T T
2 4 6 8 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
6.448 0.094 46.279 260.954 9.840
6.694 0.319 125.116 2391.062 90.160
HPLC trace of isolated product 23e (Analytical RP-HPLC, Method-I1)
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP237-P.D)
mAU 7 ©
3 8|
] zu‘
120 ||
100 Hp
80 il
] | /|
60} o
40 [
20 .‘I \.‘\
1 ) A L (NP W ‘ N _—
04 — —\ — S — e
2 4 6 ‘ 8 10 2 mil
Peak list:
Ret. Time Width min Height Area Area %
6.666 0.2889 138.906 2411.832 100.000
MALDI-MS spectrum of isolated product 23e
4 mass calc. = 3521.5
2
E mass found = 3522.8
1500
1000
500
Jj T T T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500 miz
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DNA conjugate 23f: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 2,4-difluoroaniline 12g and
N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23f (Analytical RP-HPLC, Method-I1)

MWD B, Sig=254,16 Ref=360,100 (WARCO\MP228-CR D) °
mAU ] S o
120 24 W\oﬁwk
] m” H
] 10mer ATGC
1004
80
60
40
20
4 Ia
0_:- — _/J\"— N~ T
T T T T T T
2 4 5 8 10 12 m
Peak list:
Ret. Time Width min Height Area Area %
6.272 0.134 32.186 259.067 14.481
5.898 0.204 124.958 1529.998 85.519

HPLC trace of isolated product 23f (Analytical RP-HPLC, Method-I1)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP228-PA D)
mAU - Rm
bl
] o
80 I
4 ‘ l
60 I
4 ‘ |
1 I
40 [
4 ‘ I"
207 .
I e N .
2 4 6 & 10 2 " i
Peak list:
Ret. Time Width min Height Area Area %
6.820 0.295 100.973 1786 .442 100.000
MALDI-MS spectrum of isolated product 23f
r mass calc. = 3539.5 [
Z mass found = 3540.8
1500
1000
500
1500 2000 2500 3000 3500
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DNA conjugate 23g: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 4-trifluoromethylaniline 12s
and N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23g (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWP230-CR D) o
mAU ] V)
IRV L
b | | °H H
120 | | | 10meraTGC N O
100 H CFs
1 NH
30 H
60
] I
; |
40| M
1 [
20 "/
N A .‘WIJ
o A, — o~ o
T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 [ 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.345 0.264 28.950 458.510 16.627
7.343 0.268 143.194 2299.069 83.373
HPLC trace of isolated product 23g (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCOWP230-PA D)
mAU 8,
NI\
200 r-."‘
175 (1
150 | "
125 [
100 I‘ \
75 |
50 "
| \
25 | \
0L o T — B s e
T T T T T T T T T T
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.256 0.366 214.644 4716.933 100.000

MALDI-MS spectrum of isolated product 23g

i 3572.7681
v mass calc. = 3571.5 [
£ mass found = 3532.8
2500
2000
1500
1000
1788.388

500

1500 2000

— T T T T T T T T
2500 3000 4000
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DNA conjugate 23h: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 4-aminobenzoic acid 12t
and N-Boc-2,3-dihydro-1H-pyrrole 15a according to RP-09.

HPLC trace of crude reaction mixture 23h (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP275CRF.D) o
4 ~
] &, AV
N
200,: LDN 10mer ATGC
150 | ‘
100 g
] i
50_: ” i ‘\ \
1 A i
] Il
0] S \T”\ S . —
0 2 4 6 ‘ 3 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.177 0.177 234.443 2494 .980 70.214
6.328 0.238 74.245 1058.421 29.786
HPLC trace of isolated product 23h (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP275-P.D)
mAU
200
175
150
125
100
75
50
25
0 — S — — ‘\_
T T T T
0 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.244 0.255 206.604 3157.160 100.000
MALDI-MS spectrum of isolated product 23h
i 1 3548.220
ﬂ- mass calc. = 3547.6
£ mass found = 3548.2
30004
2000
1000
1775.841
1
LT PR " o "
o IMJ
1500 ' ' ' ' 23‘00 ' ' ' ' 25‘30 ‘ ' SEIJZI ' ' ' ' 35|I3E ' ' ' ' 4:IIDE ' ' ' 45‘0[! ' Im.l'z
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DNA conjugate 23i: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 4-hydroxyaniline 12u and

N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23i (Analytical RP-HPLC, Method-II)

MWD B, Sig=254, 16 Ref=360,100 (MVARCOWMP276CRF D) o
mAU ] o.
200 10mer ATGC N O
] OH
1507 NH
100
50 I
1 I
] )\
0, .~— — — — e S — — —— |
) T T T T T T T
0 2 4 3 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.341 0.118 204.855 1456.078 41.891
6.527 0.147 228.536 2019.755 58.109
HPLC trace of isolated product 23i (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMPZ276-PA D)
mAU - b
] oyl
160 g |
140 ‘I ‘
120 I
1003 i
1 |
80 [
] |
60 [
40 / ‘I"‘.
20 J Tv—\_
0l N B — ]
T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.621 0.416 170.139 4249.200 100.000
MALDI-MS spectrum of isolated product 23i
43,2000 3518566
u mass calc. = 3519.5
H
£ mass found = 3518.6
1500
1000
5004
3360.808
1761417
e Ll ook b Low s li
0
T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500 .
miz
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DNA conjugate 23j: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 4-ethylaniline 12b and
N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23j (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP238CRF.D) °
mAU 4 «aQ
] gr WO,HS\H)K/O
E H
1759 ™l tomeraTec N
150 | O
1257 ‘ NH
] | ‘
1004 ” | ‘
757 2
: LI i
50 I © ;"'J i
1 I i | I\
E R il | i
25—: ,".“w' \ L \
o3 R _
— 77—
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.318 0.126 45.753 344 .902 13.000
7.483 0.196 196.398 2308.146 87.000

HPLC trace of isolated product 23j (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP238-PF.D)
mAUE @l
160 h||
140 ‘
1204 |‘
100 ‘|
80-] f
] M
60 | I I
40 \
1 |\
20 A ‘
o S
7 T T T T T T T
2 4 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.499 0.248 169.478 2520.448 100.000
MALDI-MS spectrum of isolated product 23j
i 3531.610
ﬂ- mass calc. = 3531.6
3
£ mass found = 3531.6
30004
2000
1000
1767 437
TP A MW“M.- o b it "
o
1500 ' ' ' 23‘00 25‘30 ! ! ' SEIJZI ' ' 35|I3E ' ' ' ' 43‘0[! ' 45‘0[! ' Irm_z
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DNA conjugate 23k: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 3-ethylaniline 12c and
N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23k (Analytical RP-HPLC, Method-11)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP233CRF D) °
mAU o =] °
; S A H
140? | h‘“ 10mer ATGC N
120 || : O
] /
100 | o NH
] | o
80 N Woﬁuk .
50—: | | 10mer ATGC . N O
1 3
40
] NH
20
07:7 ™ VA -—
1 T T T T T T T T T
2 4 5 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.311 0.1289 28.811 223.097 7.763
7.410 0.286 154.498 2650.679 92.237
HPLC trace of isolated product 23k (Analytical RP-HPLC, Method-I1)
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP233-PF D)
mAU 1 3
120 ~
1 \
100 ||
] |
80 1t
] I
60 | ‘
40 .,‘ I
] M‘I |
] | 3
20 | \
] | \
P N | N Y e oS | W —
T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.441 0.286 133.129 2283.371 100.000

MALDI-MS spectrum of isolated product 23k

4 mass calc. = 3531.6
@ 4000
Z mass found = 3533.0
3000
2000
1000
1767.233
" .L.. R J-Hw dabiads L "
o - -
1500 ' ' ' ' 23‘00 ' ' ' ' 25‘30 SEIJZI ' ' ' ' 35IEE ' ' ' ' 43‘0[! ' 45‘0[! ' Irm_z
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DNA conjugate 23l: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 2-ethylaniline 12d and
N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23| (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (WVARCOWMP239-NA D)
mAU 4 2 3
B o. L(g"'
N al
1 H H |
1207 1omer ATGC N {|
E . O |
100 ] I |
a0 NH i J\
1 ( |
60 I o
] [ || «@
40 / \ ®
]
204 /\:‘
] . _/
o3 S —
T T T T T T
2 4 5 8 10 12 m
Peak list:
Ret. Time Width min Height Area Area %
6.560 0.312 142.420 2666.813 61.419
8.312 0.740 37.744 1675.209 38.581

HPLC trace of isolated product 23l (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP233-PA D)
(=]
mAU :E""
16 "“‘II
\
14 | |
12 g
||«
10 ‘ | @
Lo
8 ‘I |
| I n
6 A I\
4 2l A i
\ | \ I} \
2 N — I
0 R E—
i T T T T T T
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
7.646 0.233 16.867 263.930 67.652
8.299 0.221 8.049 126.196 32.348
MALDI-MS spectrum of isolated product 23l
a mass calc. = 3531.6
]
£ mass found = 3532.7
800
800
4004
1767.846
2004
(1]
I T T T T T T T T T T T T T T T T T T T T T T T 1
1500 2000 2500 3000 3500 4000 4500 N
miz
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DNA conjugate 23m: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 2-tert butylaniline 12k and
N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23m (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\WMP234CRF.D)
mAU 1 a
W0\ S o O
b H
250_: 10mer ATGC
200
150
100
50
0] - - — —
e ‘ —
0 2 4 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
5.522 0.319 145.785 2793.278 38.528
6.413 0.164 320.226 3144 .597 43.373
6.587 0.194 76.655 890.530 12.283
8.285 0.113 62.314 421 .676 5.816
MALDI-MS spectrum of crude reaction mixture 23m
P mass calc. = 3559.7
g
E mass found = n.d.
3000
2000
1000+
1 1857.184 17078 3237.800
1674.308 1974.858
4 2766.163
, L‘* ,JL O w‘m_._.
‘5‘[!:] j j 20E:l j j 25E:l j ! j j BIJIDE j ! j j BSIDE j ! j j 43‘0[} j j j j 45‘00 j j j
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DNA conjugate 23n: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 2,3-dimethoxyaniline 12m
and N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23n (Analytical RP-HPLC, Method-II)

MWD B, Sig=254,16 Ref=360,100 (WARCOWP278CRF D)
mAU L éﬁ
] ° /
1603 Woﬁu d‘
140_3 10mer ATGC |
1203
100
804
60
404
209
1 P U — — - ]
T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.290 0.127 79.191 605.753 18.252
6.961 0.259 174.555 2713.016 81.748
HPLC trace of isolated product 23n (Analytical RP-HPLC, Method-II)
MWD B, Sig=254,16 Ref=360,100 (MARCOWP278-PF D)
mAU 7 o
b 3|
] <l
120 i
100 ||
] | ‘
80 |\\
] |
80 ‘II ‘|
40 X [ .
1 i | i
20+ I\ R | ! A
i | \ i f\
0] - AN N A 7,0' _ 4,\_,"‘.,, Sy — I PN S
S S S -
Peak list:
Ret. Time Width min Height Area Area %
6.942 0.248 139.371 2069.797 100.000
MALDI-MS spectrum of isolated product 23n
3 3564 533
4,..,] Mass calc. =3563.6
H
£ mass found = 3564.5
4000
3000
2000
1000
1 . ..L..L RPN T JW %M_L./L N . .
o Wnis
e T e e LA T T e Im.l'z
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DNA conjugate 230: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 3,4-dimethoxyaniline 12|
and N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 230 (Analytical RP-HPLC, Method-II)

MWD B, Sig=254,16 Ref=360,100 (MARCOWP225CRF D) o
mAU 1 o
E W\O’ng)k/ ; |
175—f 10mer ATGC N O o
] + *
150 o~
] o]
125 NH
s NVaVS
100 H H
] 10mer ATGC N
757 : O
] e
503 °
] NH 0.
25 >
o — _ e A .
—————— ———— T ]
0 2 4 6 8 10 12 min
Peak list:
Ret. Time Width min Height Area Area %
6.501 0.140 69.709 584.579 14.143
7.039 0.290 203.822 3548.664 85.857
HPLC trace of isolated product 230 (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP225-P D)
mAU B
200 S|
<f
175 ‘
150 ‘
125 M
100
75
50
25
0 e o M — e~ I U A
T T T T T T T
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.992 0.162 207.279 2009.840 100.000
MALDI-MS spectrum of isolated product 230
4 mass calc. = 3563.6
£
Z,004 Mmassfound = 3561.7
1500
1000
500+
1782.778
. ™ l. Lo inL TR A “ iisiaibl Wk‘“ ‘L‘*—“‘ -
1500 23‘00 ' 25‘30 ' ' SEIJZI ' ' 35IEE ' ' ' 43‘0[! ' ' 45‘0[! ' ' ' '
miz
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DNA conjugate 23p: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 3-ethynylaniline 120 and
N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23p (Analytical RP-HPLC, Method-II)

MWD B, Sig=254,16 Ref=360,100 (MARCO\WP281CRF D) °
mAU ] © o
1 ) WOQHL H =
2507 Q 10mer ATGC N =
| IS
200
] o NH
150 W\O%‘ENKO
b H H
1 10mer ATGC O N
100 ' O
5 n
50 H NH
] | Il
0 1 R — - e |
T T T T T T T T T T T T T T
2 4 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.265 0.156 34.292 321.008 5.862
6.876 0.311 276.447 5154.825 94.138
HPLC trace of isolated product 23p (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCOWP281-PF D)
mAU ®
E
140 ”
120 ‘
100 || |
80 ‘ ll
(i
60 | ‘."
[V
40 [
20 "‘ \
03— ———— A N - _— [ - o —
} — — — T T
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.818 0.257 158.818 2453.143 100.000

MALDI-MS spectrum of isolated product 23p

i“m 2627.870
¥ mass calc. = 3527.6
Z mass found = 3527.9
1.0
0.8
0.8
0.4+
029 1765736
hat L,
15‘00 ' ' ' ' ZDIDE ' ' ' ' 25‘0[! ' ' ' SDIE:I ' ' ' ' SEIEE ' ' ' 4EIE:I ' ' 45‘33 ' '
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DNA conjugate 23q: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 3-(2H-tetrazol-5-yl)aniline
12p and N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23q (Analytical RP-HPLC, Method-II)

MWD B, Sig=254,16 Ref=360,100 (MARCOWWIP282CRF D) o
mAU g [T}
] 8 NS by N
1757 o H H N
] ” 10mer ATGC . N N
1503 | + O
1253 p 2 NH
] i
E | 0.
100 | ‘I"‘ | W\O’%uk "
] B 10mer ATGC N
759 | :
E W I
504 I \r, |‘
25—; ‘l\\\ | My
1 I
1 — N—NH
0l R —_— NN
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.365 0.340 194.807 3973.136 100.000
HPLC trace of isolated product 23qg (Analytical RP-HPLC, Method-II)
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP282-PF.D)
mAU | b
- Q|
<@
] |
80— j|
] |
60 ‘\\I ‘
1 I
40 [
1 ‘ \
20 [
1 A
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.629 0.359 103.453 2230.785 100.000
MALDI-MS spectrum of isolated product 23q
51 mass calc. = 3571.6
5
E mass found = 3572.3
G000
4000
2000
1787.800
o " Nkkuj
:I_| T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500 .
miz
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DNA conjugate 23r: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 2-(hydroxyl-methyl)aniline
12v and N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23r (Analytical RP-HPLC, Method-II)

MWD B, Sig=254, 16 Ref=360,100 (MARCOWMP277CRF D)
mAU ] L %
1 |
:WO,@H o . OH m‘\l
200 10mer ATGC N 5
b ‘ | )
150 .
100
| |
50 I
1 I
D' . I — e e N R - |
T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.343 0.245 247.679 3641.017 75.375
6.601 0.118 168.657 1189.490 24.625
HPLC trace of isolated product 23r (Analytical RP-HPLC, Method-Il)
MWDT B, Sig=254,16 Ref=360,100 (MARCOWP277-PF D)
mAU ] ©
] |
1004 co“
80| ”
50 ,H
] Il
40 H'l
] 'R
] I
20 [
1 / E
5 N P S ——— ¥ e —— A A B —
T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.518 0.207 107.314 1331.752 100.000
MALDI-MS spectrum of isolated product 23r
i 1 3534.287
4o mass calc. = 3533.6
£ ] massfound =3534.3
2500
2000
1500
1000 H
1768.236
500
1 Lmlmau "
o
e AP L o el L s e e T .miz

$216



DNA conjugate 23s: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 2-benzylaniline 12w and
N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23s (Analytical RP-HPLC, Method-11)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP274-CR.D)
mAU 3 [o]
N by 0
1501 fomer ATGC
1257
100 4
759
504
25—f
ol - ~
-
0 2 4 6 8 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
6.321 0.121 181.120 1319.821 75.428
8.295 0.165 43.493 429.965 24.572
MALDI-MS spectrum of crude reaction mixture 23s
:: 3356.723
& —_— S
p mass calc. = 3593.7
3
£ mass found = 3591.4
1000
3581.378
800+
800
400
18568.502 3236.874
2170.778
2004
Ll.h m o
1500 2000 2500 3000 3500 4000 4500 miz
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DNA conjugate 23t: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 4-Aminopyridine 12q and
N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23t (Analytical RP-HPLC, Method-11)
MWD B, Sig=254,16 Ref=360,100 (MARCOWMP226-CR.D)
mAU ] o @

n
1 o < |
:WOJOEHJK/ u |
200 1omer ATGC N ‘
] _N ‘
1504
] NH |
100 0 H
4 P~
4 w
50] |
07 i - — — S —
T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.73%5 0.451 61.583 1664.991 43.046
6.459 0.127 237.525 1817.064 46.977
6.716 0.133 17.753 141.318 3.654
8.324 0.080 45.401 244 .597 6.324

MALDI-MS spectrum of crude reaction mixture 23t

E 2357 884
s« 1 mass calc. = 3504.5
E 1 mass found =n.d.
30004
20004
1 1857.188
1000
1 3237 371
1673.811 2171.301 -1
1 — 71 19?4?84
ks U“.L
‘5‘[!3 j j 20[}3 j j 26[!3 j j BIJIDE j ! j j 35‘0[} j j ! j 43‘0[! ! j j ! 45‘00 j j j j
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DNA conjugate 23u: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with 4-Aminopyrimidine 12x
and N-Boc-2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23u (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP273CR D)
mAU ] o ©
] (o} |
:WO’%HK " cq'l‘
250 10mer ATGC N NG |
; o
] _N
200 [
1 NH “
150 |
] @ [
1 2 {1
100 w ‘ \
] f\ |
50 1 \ é
E| / =
1 N N
0] - —
———— 57— ——
0 2 4 [ 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
5.553 0.585 86.666 3044.036 38.275
5.416 0.248 308.370 4595.420 57.781
8.264 0.271 19.285 313.670 3.944

MALDI-MS spectrum of crude reaction mixture 23u

: 3352.620
4 mass calc. = 3505.5
z mass found = n.d.

1250

1000+

750

500
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DNA conjugate 23v: CPG-coupled 10mer ATGC-aldehyde conjugate 15b was reacted with aniline 12a and N-Boc-2,3-
dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23v (Analytical RP-HPLC, Method-11)

MWD B, Sig=254,16 Ref=360,100 (MARCO\MP302_CR D)
mAU ] o cl R
] 1
2] NS oy 2
] H
1 1omerATGC O H H
100 O ‘I
] \
80 |
] NH . ‘| | |
1 I
60 ‘\ ‘ \ iy
] { 3| Ll
40 | | ~ ||‘
] \ <l '
204 A I
] Y N
o] o B y N I
— ———— . .
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.782 0.091 27.097 147.754 7.261
6.927 0.242 130.151 1887.230 92.739
HPLC trace of isolated product 23v (Analytical RP-HPLC, Method-I1)
MWD B, Sig=254,16 Ref=360,100 (MARCOWIP302-F1 D)
mAU ] o
7 »
120 ol
100
80
60
40
20
o —— — —
T T T T T T T T
2 4 6 8 10 12 mi
Peak list:
Ret. Time Width min Height Area Area %
6.915 0.227 133.464 1821.646 100.000
MALDI-MS spectrum of isolated product 23v
" mass calc. = 3538.0
H
£ mass found = 3537.6
2000+
2000
1770.284
1000
J_MM " s ission M "
15‘00 ' ' ' ZDIDE ' ' ' ' 25‘0[! SDIE:I ' ' ' ' SEIEE ' ' 4EIE:I ' ' ' ' 45‘33 ' ' ' ' .
miz
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DNA conjugate 23w: CPG-coupled 10mer ATGC-aldehyde conjugate 15c was reacted with aniline 12a and N-Boc-
2,3-dihydro-1H-pyrrole 20 according to RP-09.

HPLC trace of crude reaction mixture 23w (Analytical RP-HPLC, Method-I1)

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWP301_CR D)

U O . )
250 N ﬂ "-H

HN_ « |‘

200

] WHK ® |

150 10mer ATGC ! |‘

100 | |
; M A
50 i 2 |
] fo «© I‘ \ \
1 NV © pf ! \ .
o R DY A N SV N N
T T T T T T T T T T T T T T T T T T T T T T
4 6 8 10 12 mil
Peak list:
Ret. Time Width min Height Area Area %
6.889 0.145 11.785 102.258 3.377
7.568 0.174 280.383 2925.668 96.623

MALDI-MS spectrum of isolated product 23w

H 3407 647
u mass calc. = 3553.6
-l
E mass found = n.d. a1e7.008
4000
30004
2175.764
2000+
1862.947
2465412
1000
27689.462 u
M . : ki
o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500 miz
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(R)-(-)-BNDHP-mediated Biginelli reaction on CPG-coupled oligonucleotides

Table S11 Optimization of (R)-(-)-BNDHP -mediated Biginelli reaction on CPG-coupled hexT.?

(o]
AV Vet )
0 1. 50 equiv. Mediator hexT N
o] [o] o] solvent, T, t N
AVAN oy A0 . . _ oobem Bt
H _o HZNJKNH2 Mo/\ 2.AMA, rt, 0.5h » O M
hexT " 24a 25 ro
! l o.__0
0" “oH
SO
Entry Reaction conditions® HPLC trace of crude reaction mixture®
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP058_P.D)
mAU §“
350 ©
300 H
250 H
1 hexT-aldehyde conjugate 11 200 |
150
1004 fl ‘ |
Il ‘ ‘,
504 \‘ ‘\ nJ \
o4 J L o NN e
2 i 6 8 0 B mi
MWD1 B, Sig=254,16 Ref=360,100 (SNAPSHOT.D)
mAU g“
100 lD“
80 “
> hexT-dihydropyrimidinone a0 |
conjugate 26 ] |
i
1 Y o
P 4 ; 8 10 » i
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP078-1.D)
mAU ©
b
120
50 equiv. Yb(OTf)3 100
3 THF, rt,, 20 h 80
60
=> conversion <5 % 407 3
20 N I
d B y .. »
2 i 6 8 0 B mi
MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP078-2.D)
mAU >,
200 I‘”
) 175 ‘
50 equiv. (R)-(-)-BN DHP A 150 |
4 THF, rt,, 20 h 125 ‘\
1004 ‘
. 759 |
=> conversion < 5% 50 2 g
25 “’ﬂ
1 — o Y N ]
2 3 6 8 10 B mi
mAU i
100 U
50 equiv. Yb(OTf)s \
o
5 THF, 50 °C, 20 h M
. 40
=> conversion 24 % ||‘
“] I A
¥ R L .
) I : 3 o % i
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10

11

12

50 equiv. (R)-(-)-BNDHP A
THF, 50 °C, 20 h

=> conversion 28 %

50 equiv. Yb(OTf)3
EtOH, r.t., 20 h

=> conversion 47 %

50 equiv. Mg(CIlOa),
EtOH, r.t., 20 h

=> conversion <5 %

50 equiv. (R)-(-)-BNDHP A
EtOH, r.t.,20h

=> conversion 13 %

50 equiv. Yb(OTf)s3
EtOH, 50 °C, 20 h

=> conversion 65 %

50 equiv. Mg(ClO4).
EtOH, 50 °C, 20 h

=> conversion 65 %

50 equiv. (R)-(-)-BNDHP A
EtOH, 50 °C, 20 h

=> conversion 97 %

mAU

80

60

40

20

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP078A-2 D)

mAU

100

80+

I

40 “ H
|

204

MWD B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP078D-1.D)

®
Rl@
m‘m

f\

mAU

300 bl
©

200

150

100

50

2504 “

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP078D-3.D)
¥

mAU

250

200

150

100

50

MWD B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP078D-2 D)
©

g
o
o

|5

=3

‘lD
LA

_ EVNSULS VI N

T T T T T T
2 4 6 8 10 12 mil

mAU ]

100

80

60

40+

204

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP078B-1.D)

mAU ]

6.433

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP078B-2.D)

mAU
2004

1754
150
1254
1004
754
50
254

I
|
B V|V ,,,m,ﬁv‘_‘ly“-»»_ -

6.440

T T T T T T
2 4 6 8 10 12
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MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP078C-1.D)
mAU 4

200 $
50 equiv. (R)-(-)-BNDHP A o]
EtOH, 50 °C, 4 h 1254
13 100 | ‘
=> conversion 14 % o “l‘ IE
259 A \LJ ‘\’.«‘ ‘”\

MWD B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP078C-2 D)

~
)
<
©

1404

50 equiv. (R)-(-)-BNDHP A
EtOH, 50 °C, 8 h

120
100
14

60

=> conversion 40 % N

20

10 12 mi

& CPG-coupled hexT aldehyde conjugate 11 (20 nmol) was suspended in indicated solvent with urea 24a (500 equiv.) and mediator

(50 equiv., 1 umol) each dissolved or suspended in 30 L of indicated solvent and ethyl acetoacetate 25 (500 equiv.), reaction mixture
was shaken at indicated temperature for 20 h. Afterwards AMA (30% aqueous ammonia / 40% aqueous methylamine, 1:1 (vol/vol)) at

ambient temperature for 0.5 h. ® parameters that were changed are in bold and italic. ¢ Analytical RP-HPLC, Method-I.
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Table S12 — Scope of (R)-(-)-BNDHP A-mediated Biginelli reaction on CPG-coupled 10mer ATGC
oligonucleotide-aldehyde conjugates 15 with ureas 24 and ethyl acetoacetate 25.2

o [e]
[¢]
N R!
o ° W”‘"N)k/o
%NKO 3 . JOL R? 1. E04'50°0,200 tomer ATGC N__o
1omer ATGC \©\¢o BN "N 2 AMA rt, 4h 27af \ N
15a-c 24 “R?
\/0
.
0" on
L
DNA-aldehyde Conversion Masscalc.
Entry Product conjugate Urea [%0]° MasSfound®
o
o
o L 3513.5
1 27a o HN N, 9 3513.3
15a 24a
o
(o]
O
) 27b sl NN 59 3541.5
_o H 3540.0
15a 24b
o
[¢]
3 276 sho U @ 10 3589.6
_o RN (7509) 3593.6
15a 24c
o o
4 27d o HZN*H a5 3603.6
_0 3602.9
15a 24d
o
sfho i 3547.9
5 27e ]@vo HoN" “NH, 92 3547.9
ol 24a '
15b
o) 0%
shoo 0
6 27f O A n.d. 35636

H,N NH,
O 24a

15¢

& CPG-coupled ATGC aldehyde conjugate 15 (20 nmol) was suspended with urea 24 (500 equiv.) and (R)-(-)-BNDHP A (50 equiv., 1

pumol) each dissolved in 30 pL of ethanol and ethyl acetoacetate 25 (500 equiv.), reaction mixture was shaken at 50 °C for 20 h.

Afterwards AMA (30% aqueous ammonia / 40% aqueous methylamine, 1:1 (vol/vol)) at ambient temperature for four h. ® Determined
by analytical RP-HPLC analysis. ¢ 200 equiv. of (R)-(-)-BNDHP A were used. ¢ reaction was performed at 50 °C for 44 h. ¢ Measured

by MALDI-MS. 10mer ATGC = 5-GTC ATG ATC T-3', n.d. = not detected.

$225



Products of Biginelli reaction on CPG-coupled oligonucleotide-aldehyde conjugate

DNA conjugate 26: CPG-coupled 10mer hexT-aldehyde conjugate 11 was reacted with urea 24a and ethyl
acetoacetate 25 according to RP-10.

HPLC trace of crude reaction mixture 26 (Analytical RP-HPLC, Method-III)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP078B-2.D)
mAU 4 Q @
] <
200 0. @©
] \/\/\oﬂsuk ’ 2
175 hexT N._O |
150? o X NH M
125
] ~.© ‘
100
754 ‘|
50 o ‘ ‘
] by ‘
25 <
] ., © I la
04 _ PO PAP.Y | SN, ONTE W S
-———— —
0 2 4 6 8 10 12 min|
Peak list:
Ret. Time Width min Height Area Area %
6.440 0.087 6.100 31.898 2.653
6.843 0.093 210.296 1170.318 97.347

HPLC trace of isolated product 26 (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (SNAPSHOT.D)
mAU | =)
4 (=>4
100 P
] |
80 |
60 “
40 ”
20 | ‘
] Iy
0 ~ V. | WY P S
— ] ————— ——
0 2 4 6 8 10 12 min
Peak list:
Ret. Time Width min Height Area Area %
6.968 0.120 107.631 778.136 100.000
MALDI-MS spectrum of isolated product 26
5 yiod
e 261401
g- mass calc. = 2258.7
o
E mass found = 2261.4
o
3
2]
1
1129.926
| 1955 668 UJ
n: ey . T b JUn .L]- [ J " N
w00 | w0 . 200 | 0 | 30 | 3800

miz
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DNA conjugate 27a: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with urea 24a and ethyl
acetoacetate 25 according to RP-10.

HPLC trace of crude reaction mixture 27a (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP100-C.D)
mAU Q =
E by
] ° <
400 WO’%HK H m‘l
3505 10mer ATGC N_O “
300 0 A _NH ‘
2503
2003
150
100
50
E| \
03 S\ _ B
——— ; ;
0 2 4 6 8 10 12 min|
Peak list:
Ret. Time Width min Height Area Area %
5.809 0.158 41.502 394.660 9.946
6.147 0.134 445.623 3573.551 90.054

HPLC trace of isolated product 27a (Analytical RP-HPLC, Method-111)

MWD1 B, Sig=254,16 Ref=360,100 (MARCOMARCO_~4\MP100-P.D)
mAU,; %I
700 ‘Dl‘\
600 I
500 \‘
400 “ |
300 [
2004 “ \‘
1004 i\
0 3 P A -
T ‘ 10 S T T
Peak list:
Ret. Time Width min Height Area Area %
6.195 0.144 796.682 8070.688 100.000

MALDI-MS spectrum of isolated product 27a
S w104

mass calc. = 3513.5 3513.245

mass found = 3513.3

Intens. [a

0.8+

0.6

0.4

0.24 ‘

_ k\k . e b AM’W\.._

0.0+
e e e L B e I S e o e e e A s e e I — T
1500 2000 2500 3000 3500 4000 4500
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DNA conjugate 27b: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with N-ethylurea 24b and ethyl
acetoacetate 25 according to RP-10.

HPLC trace of crude reaction mixture 27b (Analytical RP-HPLC, Method-III)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP153-C.D)
mAU o o
] 21
4 ~
] \§/'§x/'\okﬁn/l\/o 3 w“
200 H o~ ‘
1 10mer ATGC NYO“‘
] o SN
150f ‘
] ~© “
100 ol
] i
1 Ui
p o
50 | I‘U
S S . I ]
—— — — ——
0 2 4 6 8 10 12 min|
Peak list:
Ret. Time Width min Height Area Area %
5.788 0.127 181.070 1382.508 41.493
6.485 0.140 232.049 1949.426 58.507

HPLC trace of isolated product 27b (Analytical RP-HPLC, Method-IIl)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP153-P.D)

mAU 3 [re ]
200 o
175 3
150
1253
1003
753
503
254

. .

0 2 4 ] 8 10 12 min|

Peak list:

Ret. Time Width min Height Area Area %

6.555 0.171 218.316 2233.427 86.556

MALDI-MS spectrum of isolated product 27b

% mass calc. = 3541.5 =
:i«’mi mass found = 3540.0
4000{
3000
20005
1000_
] N

T T O e e e T I S S e S T T — T
1500 2000 2500 3000 3500 4000 4500 miz
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DNA conjugate 27c: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with N-phenylurea 24c and
ethyl acetoacetate 25 according to RP-10.

HPLC trace of crude reaction mixture 27c (Analytical RP-HPLC, Method-II)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP154C4A.D)

mAU ] o
o NS oy
120 10mer ATGC

1oo—f
ao—f
eo—f
40—5

20

o

0 2 4 6 8 10 12 min|

Peak list:

Ret. Time Width min Height Area Area %
5.789 0.095 89.395 508.282 25.470
6.993 0.167 148.519 1487.302 74.530

HPLC trace of isolated product 27¢ (Analytical RP-HPLC, Method-111)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP154-P.D)
mAU ] En
50 SH
1 [
40 (l
1 [
30 I
1 | |
204 I‘
] |«
] || v
4 | \‘ 7]
10 [~ .
] “I A A
o S —
04 N —
R B e e B S B | I B
0 2 4 6 8 10 12 min|
Peak list:
Ret. Time Width min Height Area Area %
7.010 0.159 53.187 577.659 91.044
7.554 0.133 6.209 56.827 8.956

MALDI-MS spectrum of isolated product 27c

% mass calc. = 3589.6 e
£ mass found = 3593.6

6004

400

2004

— —T—— ——— ——T T 77— T — T T T
1500 2000 2500 3000 3500 4000 4500 miz
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DNA conjugate 27d: CPG-coupled 10mer ATGC-aldehyde conjugate 15a was reacted with N-benzylurea 24d and
ethyl acetoacetate 25 according to RP-10.

HPLC trace of crude reaction mixture 27d (Analytical RP-HPLC, Method-III)

MWD1 B, Sig=254,16 Ref= 350 100 (MARCO\MARCO_~4\SCOPE\MP155-C.D)
mAU
] g
VAV T o NU
200 1omer ATGC \/@
1507
100—
50
0 _/ S —
1 T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 min|
Peak list:
Ret. Time Width min Height Area Area %
5.758 0.200 42.105 504.256 15.058
7.061 0.195 242.740 2844 .499 84.942

HPLC trace of isolated product 27d (Analytical RP-HPLC, Method-IIl)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MARCO_~4\MP155-P.D)
mAU ]
] =
] ~f|
200 i
] I
150 “ \
] | I‘
1004 “ |
B |
1 [
1 I
50 [
] S
] - \
0 - = = - 77
R B e T I S e IR S e R S T -
0 2 4 6 8 10 12 min|
Peak list:
Ret. Time Width min Height Area Area %
7.161 0.206 240.100 3503.402 100.000

MALDI-MS spectrum of isolated product 27d

1 mass calc. = 3603.6 3602 887

**1 mass found = 3602.9

Intens. [a.u.]

1000

— —— R e e e N e e T e I e L A E
1500 2000 2500 3000 3500 4000 4500 miz
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DNA conjugate 27e: CPG-coupled 10mer ATGC-aldehyde conjugate 15b was reacted with urea 24a and ethyl

acetoacetate 25 according to RP-10.

HPLC trace of crude reaction mixture 27e (Analytical RP-HPLC, Method-11)

MWD1 B, Sig=254,16 Ref=360,100 (MARCO\MP308_CR.D)
mAU o
0.
70 H
10mer ATGC
Cl
60
50
40
30
20
10
0 - - T —
I T T T T T T
0 2 4 6 8 10 12 min|
Peak list:
Ret. Time Width min Height Area Area %
6.971 0.178 8.538 91.303 7.685
7.425 0.221 82.818 1096.778 92.315
HPLC trace of isolated product 27e (Analytical RP-HPLC, Method-I1)
MWD B, Sig=254,16 Ref=360,100 (MARCO\MP308-P.D)
mAU 3 a
] 9
1 ~|
100 |
80 i
] ‘\
60 \
] | \
40 [
] [
20 ||
0; A A S o _
T T T T T T T
0 2 4 6 8 10 12 min|
Peak list:
Ret. Time Width min Height Area Area %
7.425 0.199% 119.402 1425.893 100.000
MALDI-MS spectrum of isolated product 27e
B 3547 504
L2001 mass calc. = 3547.9
g
o
£ 1 massfound =3547.9
1500
1000
1 1775.617
500+
st i s Y A M Uw““ "
Di‘ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1500 2000 2500 3000 3500 4000 4500
m/z
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DNA conjugate 27f: CPG-coupled 10mer ATGC-aldehyde conjugate 15c was reacted with urea 24a and ethyl
acetoacetate 25 according to RP-10.

HPLC trace of crude reaction mixture 27f (Analytical RP-HPLC, Method-I1)

MWD1 B, Sig=254,16 Ref=360,100 (MARCOWMP307CRF.D)

mAU ] H o o«
] Y 2] N
] [Ts] N~

1754 HN _« 0. [

Lo
= 0.

125 H

] 10mer ATGC
100 0

754

50

257

o — — R —

R T e P
0 2 4 6 8 10 12 min|

Peak list:
Ret. Time Width min Height Area Area %
5.573 0.235 201.018 2834.301 45.431
6.812 0.165 10.104 100.238 1.607
7.483 0.179 183.128 1969.024 31.561
7.742 0.208 66.999 834.551 13.377
8.355 0.197 42.426 500.637 8.025

MALDI-MS spectrum of crude reaction mixture 27f

B 3407407
- mass calc. = 3563.6 =1
21200
2 mass found = n.d.
1000
800
3193.110
6004
400+ 2171.587
1 1699734
2004
1500 2000 2500 3000 3500 4000 4500

miz
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Cheminformatic analysis

For library design, characterization and analysis the software KNIME' was used, with the
following implemented extensions: RDKit, Indigo, ChemAxon, CDK, Vernalis .2

As a source database for the components required for the reactions, the Aldrich Market Select
database (AMS)?® was used and split in order to retrieve the different compound classes according
to functional groups. Prior to the library design, the molecules in the AMS database were firstly
standardized and filtered by molecular weight and number of unspecified stereocenters by RDKit
Descriptor Calculation: the threshold was set to 200 Da for each compound class to ensure a
reasonable size of the final product. In order to retrieve the different building block classes from
the AMS, the RDKIit Functional Group Filter or the Indigo node Substructure Match Counter
combined with the Rule-based Row splitter were used, defining the substructure or the further
filters by the ChemAxon Marvin Sketch node. We removed all aldehyde building blocks that
contain the carboxylic acid moiety and/or bulky groups in ortho position to the carboxaldehyde
and kept this compound class constant for the DA-1, P and B libraries. Further specific filters were
applied to each compound class per each library depending on the experimental reactivity or on
the presence of further functional groups which might lead to cross-reactivity. For the DA-1 library
we removed heteroaromatic amines and anilines substituted with bulky ortho-substitution. For the
DA-2 library, anilines with carboxylic acid amide or bulky groups in ortho-position were excluded,
yet, all available aldehydes were included in the analysis. For the Povarov library the hetero-
aromatic amines were filtered out. For the Biginelli library, differently substituted ureas and B-
ketoesters were used, but, in order to obtain libraries of comparable compound numbers, a
further molecular weight filter was applied to starting materials (170 Da for ureas and esters) and
products (450 Da).

All the building block classes were submitted to the RDKit Catalog filter node in order to remove
compounds with unwanted reactivity.* For computational reasons and in order to obtain libraries
of comparable sizes, larger building block datasets were sampled to 1000 molecules with the
RDKit diversity picker (aldehydes and anilines). The reactions required for the in silico libraries
were designed using a combination of RDKit node Two Component Reaction or Chemical
Transformation, the Chemaxon Marvin Sketch for the reaction scheme and the SDF Files Reader
for the different components. From the Enamine REAL database®, 500000 molecules were
randomly sampled to obtain comparable data sets. We calculated the MQN descriptors for each
compound of each library with the node RDKit Descriptors Calculation and, after Min-max
normalization among the concatenated data of the libraries and the commercially available
molecules, the PCA values were plotted in 3D scatter plots (Figure S3) using the Gnuplot® script,
to visualize chemical diversity.

The PMiIs were calculated with the corresponding Vernalis node, based on the 3D coordinates

generated by RDKit Generate Coords node, to evaluate library shape diversity (Figure S4).
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Figure S3 PCA plots of the DA-1 (red), Enamine REAL sampled database (grey), P (blue) and B (green)
libraries.
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Figure S4 PMI plots of the DA-1 (red), Enamine REAL sampled database (grey), P (blue) and B (green)
libraries.
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Figure S5 PCA plots of the DA-1 (red) and DA-2 (yellow) libraries, covering almost identical chemical
space.
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Figure S6 PCA plots of the combined DA-1 (red), P (blue) and B (green) libraries vs Enamine REAL
sampled database (grey), viewed from a different perspective.
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